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INTRODUCTION 
Proteins are essential to all plant and animal life and 
are components of each cell. Animals lack the ability to syn­
thesize some of the amino acids from a non-protein nitrogen 
source and therefore, these amino acids must be provided in 
the diet. 
The importance of amino acid content of feed has been 
known for over 50 years. Willcock and Hopkins (I906) and 
Osborne and Mendel (1914) recognized that certain amino acids 
were essential in the diet and that the amino acid make-up of 
proteins was different. This was the first suggestion that 
the nutritive value of proteins was dependent upon their amino 
acid composition. 
These developments set the foundation for research on the 
amino acid requirements of animals and thus the importance of 
amino acid balance, Almquist (195^) stated that when the die­
tary protein is in exact amino acid balance and provided in 
sufficient quantity, the rate of tissue synthesis and the ef­
ficiency of utilization of the diet for growth will approach 
a maximum, determined by the genetic and physiological limita­
tions of the animal, or other limitations of the diet. 
The amino acid adequacy of proteins has been expressed 
quantitatively by concepts such as biological value, protein 
replacement value and chemical score. However, for example, 
in determining the biological value there is difficulty in 
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obtaining a measurement of the endogenous and metabolic nitro­
gen. Also, some difficulty arises from the fact that the 
level of protein and other nutrients fed modifies the calcu­
lated biological value independently of the amino acid balance. 
The protein replacement value is another biological method 
used which is time consuming and subject to difficult inter­
pretation because of the animal variability. The overall 
measurement does not indicate the specific cause of the figure 
obtained and hence gives no direct clue as to how to improve 
the dietary protein. 
Therefore, one of the main objectives of protein nutri­
tionists for many years has been to develop a direct and 
short procedure to determine the amino acid deficiencies and, 
in turn, the nutritive quality of a protein. Within the past 
decade an increasing number of investigators have attempted 
to relate dietary amino acid levels to the concentration of 
free amino acids in blood plasma after the ingestion of a 
protein. A relationship between the concentrations of free 
amino acids in the blood plasma and the level of the same 
acids in the diet has been demonstrated by Richardson et , 
1953; Denton and Elvehjem, 1954b; Puchal et ^., 1962; and 
McLaughlan, I963. This relationship of the amino acids in the 
plasma to that of the diet has been used as a criterion to es­
timate the limiting amino acids of a dietary protein. The 
most deficient amino acid in a protein has been determined by 
the use of free amino acid concentrations in the blood plasma. 
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However, after correcting for the deficient amino acid in the 
diet some difficulty occurs in determining which of the other 
amino acids are limiting in the dietary protein. 
The purpose of the research reported herein is to evalu­
ate the effect of amino acid supplementation to dietary pro­
teins on growth, feed utilization, protein digestibility and 
free amino acids in the blood plasma of the young pig. The 
free amino acids in the blood plasma of the pig were used to 
estimate the limiting amino acids of soybean protein. 
4 
REVIEW OF LITERATURE 
Amino Acid Requirements of the Pig 
The importance of amino acid content of feed has been 
known for over 50 years. The supplementation of diets con­
taining corn protein, zein, with tryptophan prolonged the 
survival of rats (Willcock and Hopkins, I906), Osborne and 
Mendel (1914) recognized that certain amino acids were essen­
tial in the diet for growth and that proteins differed in 
their amino acid content. In 1935, McCoy et al. discovered 
another essential amino acid, threonine. This completed the 
list of what we now consider as essential amino acids. Rose 
(1937, 1938) divided the amino acid found in protein into 
two main categories, the essential (indispensable) and non­
essential (dispensable) amino acids. These developments set 
the foundation for the research on the amino acid requirements 
of animals. 
Lysine was found to be an indispensable amino acid for 
the pig by Mertz et (1948). The L-lysine requirements of 
the pig were stated to be 0.6 and 1.2 percent when pigs were 
fed diets containing 10.6 and 22 percent protein, respective­
ly (Brinegar et 1950b). Similar results by Shelton et al. 
(1951a) indicated the L-lysine requirement of the pig was 
1.0 percent in a purified diet containing 23^8 percent pro­
tein. The L-lysine requirement of a diet was estimated by 
Germann (1958) to be O.70 percent for the pig fed a 15 percent 
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protein diet. McWard et a^, (1959) reported that the L-ly­
sine requirement of the pig was 0.71 and 0.95 percent at a 
dietary protein level of 12.8 and 22 percent, respectively. 
Recently, Mitchell et al. (1965) stated that the lysine re­
quirement was between 1,20 and 1.3^ percent for the baby pig 
fed a 22 percent protein diet. 
Based on these observations, the lysine requirement of 
the pig, expressed as a percent of the diet, seems to increase 
with increasing protein level. The lysine requirement of the 
young pig appears to be about 1.2 percent of a diet contain­
ing 22 percent protein. 
Since methionine was shown to be an essential amino acid 
for swine (Bell et al., 1950), many experiments have been 
conducted to estimate the pigs' requirement for this amino 
acid. Maximum gains were observed by Shelton et (1951b) 
when pigs were fed a diet containing 0.6 percent methionine, 
with 0.01 percent cystine present. These authors indicated 
that L-cystine could replace up to half of the methionine in 
meeting the total sulfur amino acid requirement. Therefore, 
the amount of cystine present in a diet could affect how much 
methionine would be needed to meet the total sulfur require­
ment of the pig. Curtin et al. (1952a) estimated the methio­
nine requirement to be 0.3I percent when pigs were fed a 
22 percent protein diet containing O.38 percent cystine. The 
methionine-cystine requirement for the young pig was shown 
by Curtin et aJ. (1952b) to be approximately 0.7 percent of 
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the diet (or 3*2 percent of the protein). These authors also 
indicated that cystine could replace methionine in the diet 
up to at least 1.7 percent of the protein. Recently, Kroening 
et al. (1965) reported that the methionine-cystine require­
ment for a pig two weeks of age was 0.5 percent at 12 percent 
protein, 0.6 percent at 18 percent protein and 0.7 percent at 
25 percent protein level. 
With the exception of the data involving the low protein 
level, in the studies of Kroening ^  (I965), the estimates 
of the sulfur amino acid requirements (methionine plus cystine) 
are 3«2 percent of the dietary protein. 
Shelton et (1950) used a purified diet with dibasic 
ammonium citrate and the 10 amino acids, shown to be essential 
for the growing rat (Rose, 1938), as its sole sources of ni­
trogen to demonstrate that threonine was an indispensable 
amino acid for swine. The L-threonine requirement for the 
pig was estimated to be 0.4 percent of the diet, or 3«0 per­
cent of the protein, by Mertz et (1952) and Beeson et al. 
(1953). Similar results by Evans (19^3) indicated that 
0,45 percent L-threonine present in the diet was adequate for 
the young pig. However, Sewell et (1952) estimated the 
threonine requirement to be 0.9 percent of the diet or 3,6 
percent of the protein for the young pig. This level of thre­
onine is higher than the previous reports, but recently, 
Kroening et (1965) also state the threonine requirement 
for the young pig was about O.63 percent of the diet. 
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There has been a great deal of variation in the stated 
threonine requirements of the pig, thus indicating that more 
research must be conducted in order to determine the pigs' 
requirement for this amino acid. However, the threonine re­
quirement of a pig appears to be about 3.5 percent of a die­
tary protein. 
Isoleucine was shown to be an essential amino acid for 
swine by Brinegar e_t (1950a), These authors observed 
that maximum pig gains occurred when a diet contained O.7 per­
cent L-isoleucine, which was equivalent to 3.2 percent of the 
dietary protein. The level of protein also seems to affect 
the isoleucine requirement of the pig as was indicated by 
results of Becker ejb (1957), in which minimum levels of 
0.46 and O.65 percent L-isoleucine in the diets, supported 
maximum rate and efficiency of gain by pigs fed a 13.35 or 
26.7 percent protein diet, respectively. The L-isoleucine 
requirement of the pig was estimated to be higher by Becker 
et al, (1963) than their previously stated requirements. 
These authors estimated that the pig required O.76 percent 
L-isoleucine in a semi-purified diet, containing 22 percent 
protein. The differences in isoleucine requirements were 
mainly due to the different ages of pigs used in these ex­
periments. The L-isoleucine requirement of young pigs appears 
to be about 3.4 percent of the dietary protein. 
Beeson et (1948, 1949) demonstrated that pigs fed 
a tryptophan deficient diet responded to supplemental 
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tryptophan which illustrates that, like the rat, chick and 
other monogastric animals, the pig does require tryptophan. 
Shelton ejb al. (1951c) also demonstrated that the pig requires 
tryptophan and their work indicated that the requirement was 
no greater than 0,20 percent of the diet; however, the levels 
tested were not sufficient to establish a minimum requirement 
for this amino acid. Later, Becker ^  al. (1955%) reported 
work which predicted the minimum tryptophein requirement to be 
0.115 percent of the diet for maximum growth in pigs fed diets 
containing 15.3 percent protein, with adequate nicotinic acid 
present. 
Beeson e;t (1951) were the first researchers to pre­
sent data showing that arginine, leucine, phenylalanine and 
valine are also required for optimum growth by a young pig. 
The approximate amino acid requirements (as percent of 
diet) of the young pig fed a diet containing 20 percent pro­
tein are summarized as follows; arginine, 0.37; histidine, 
0.32; isoleucine, 0.68; leucine, 0.94; lysine, 1.10; 
methionine, 0.64 (0.l8 percent can be satisfied by cystine); 
phenylalanine, 0.78 (0.23 percent can be satisfied by tyrosine); 
threonine, 0.70; tryptophan, 0.l8; and valine, O.65. 
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Soybean Meal as a Source of Protein for the Pig 
Soybean meal has been used extensively as a source of 
protein for swine. Methionine is the amino acid most limit­
ing in soybean meal. However, some amino acids in soybean 
meal are in substantial quantitative excess of the amino acid 
requirements of the pig. To utilize these excess amino acids, 
the limiting amino acids must be supplemented in such a way 
that the entire amino acid content of soybean meal can be uti­
lized for body tissue synthesis. 
Hays ^  aJ. (1959) observed a significant improvement in 
pig gain and feed conversion when 0.05 percent DL-methionine 
was added to a semi-purified diet, containing soybean meal as 
the source of protein. Similar results by Maner ejb al. (I96I) 
also indicated methionine was deficient in soybean protein. 
These authors observed an increase in pig gains when either 
0.23 or 0.45 percent DL-methionine was supplemented to a diet 
containing 28 percent protein. 
The limiting amino acids in soybean protein were then 
studied by Berry et al. (1962). From their calculations 
based on knowledge of the animals' requirements and the amino 
acid composition of soybean meal, they predicted methionine 
to be the most limiting amino acid followed by lysine and 
threonine. Pig trials substantiated that methionine was the 
first-limiting amino acid, but there were indications that 
threonine was the second-limiting, rather than lysine. 
Puchal (1962) also observed an increase in pig gains 
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when methionine was added to the diets. The additions of 
glycine, leucine, phenylalanine, threonine and valine did not 
significantly improve pig gains with or without added methio­
nine. However, additions of threonine to a diet, containing 
supplemental methionine, did result in some improvement in 
gains (Puchal, I962, and Kroening et ^ ., 1965), Clark (I963) 
also found that the addition of valine, threonine, lysine and 
proline to a soybean diet did not significantly improve pi^ 
^8,Ins. A cor:;l):bi.ation of threonine, valine, lysine, tryptophan, 
histidine, phenylalanine, isoleucine, leucine and proline add­
ed to a diet (supplemented with methionine) also did not im­
prove gains when compared to the diet containing only supple­
mental methionine. 
The data clearly shows that methionine is the first-
limiting amino acid of soybean protein, with indications that 
threonine may be the second-limiting amino acid. However, 
previously reported literature has not shown which of the 
other essential amino acids may become limiting after cor­
recting for the known amino acid deficiencies of soybean meal. 
Proteolysis of Proteins and Amino Acid Absorption 
The discovery that proteins were hydrolyzed to amino 
acids in the digestive tract, absorbed through the intesti­
nal wall and transported in the blood as such, made neces­
sary an intensive study of the behavior of the individual 
amino acids, if a true picture of protein nutrition and 
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metabolism was to be obtained. Already, in 1907j Abder-
halden e;t established the presence of several amino acids 
in the combined chymes of large groups of animals after feed­
ing a protein meal. Bang (I916) found there was a correlation 
between the disappearance of amino acids from the digestive 
tract and an increase in the free amino acid in the blood 
plasma nitrogen after the ingestion of these amino acids. 
Nasset (1957) and Nasset and Soon Ju (I96I) indicated 
there was a large amount of endogenous nitrogen present in the 
intestine of dogs which may mask the amino acid composition 
of a dietary protein. However, Goldberg and Guggenheim (I962) 
estimated that the amount of amino acids present in portal 
plasma after ingestion of a protein depended on the quantity 
of amino acids in the food protein, the rate and extent of 
amino acid release during digestion and also on the rate of 
amino acid absorption through the intestinal wall. Experiments 
with the pig by Clark (I963) showed gross differences in free 
amino acid concentrations in the small intestine, indicating 
a high and slow rate of proteolysis for milk and soybean pro­
tein, respectively. Also, there was a correspondingly higher 
level of plasma amino acids in pigs fed the milk protein as 
compared to those fed the soybean protein. 
The majority of ingested protein is absorbed into the 
blood as free amino acids and not as peptides (Christensen, 
1949). Indirect evidence of preferential absorption of in­
dividual amino acids from mixtures has been obtained from 
12 
studies•of amino acid patterns in portal plasma following the 
ingestion of protein (Dent and Schilling, 194$; Guggenheim 
et al., i960). 
The presence of different carbohydrates in diets con­
taining soya protein has been shown to affect the lysine and 
methionine levels in portal plasma (Guggenheim et , 196O). 
Lactose, fructose and sucrose induced a higher lysine level 
in the plasma than did starch and dextrose; while starch, 
lactose and fructose caused a higher rise of methionine in 
the plasma than did sucrose and dextrose. 
Present knowledge indicates that the L-isomers of amino 
acids are absorbed more rapidly than the D-forms (Gibson and 
Wiseman, 1951)« Edwards et ^0 (I963) conducted experiments 
using adult rate and found small but statistically significant 
differences in the absorption and tissue uptake of L- and DL-
methionine. The absorption of L-methionine was calculated to 
be 1.1 times that of its D-isomer. 
Differences have been observed, vitro, in the rates 
of absorption of different amino acids from the intestine 
(Wiseman, 1953; Friedlander and Quastrel, 1955). Amino acids 
administered singly are absorbed at a characteristic rate 
(Wiseman, 1955), but this rate may be altered by the presence 
of other amino acids suggesting a competition for the transfer 
mechanism. Hightower (I962) found that all L-amino acids are 
absorbed quite rapidly after digestion and only small amounts 
of amino acids can be found at any time in the intestinal con­
tents. 
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Agar £t (1956) reported on the inhibitory effect of 
several amino acids on the intestinal absorption of histidine. 
They concluded that the amino acids with the largest nonpolar 
side chains (tryptophan, methionine, leucine and isoleucine) 
inhibit strongly, whereas those amino acids with polar side 
chains (glutamic acid, aspartic acid, lysine and arginine) 
inhibit weakly or not at all. Chakrabarti (I963) conducted 
in vitro experiments and found that L-methionine and D-methio-
nine were transported against a concentration gradient. By using 
D-methionine, D- and L-histidine and D- and L-phenylalanine in 
combination with L-methionine, it was shown that L-methionine 
transport was competitively inhibited by relatively low concen­
tration of each of these amino acids, L-histidine produced 
the maximum inhibition of the transport of L-methionine, L-
phenylalanine somewhat less and the D-enantiomorphs still less. 
Newey and Smyth (1964) found in the rat that methionine 
exerted a greater inhibitory effect on the transfer of glycine 
and proline than did glycine or proline on the transfer of methi­
onine. Methionine and proline had a greater effect on transfer 
of glycine than twice the concentration of either separately. 
Adibi and Gray (I965) studied the intestinal absorption of 
amino acids in man. They found methionine was most rapidly 
absorbed and threonine the least. The increase in the plasma 
essential amino acids following perfusion of protein resembles 
the sequence of absorption from the intestine, methionine 
demonstrating the greatest increase in the plasma and 
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threonine the least, 
Orten (I963) stated that under the normal condition of 
all 18 amino acids being present in the intestine, the absorp­
tion rate of the amino acids seems to be independent of their 
relative concentrations in the absorbing mixture. Thus, the 
absolute amount of an amino acid absorbed from a mixture in a 
given period of time is dependent upon the absolute quantity 
of the amino acid in the mixture and its rate of absorption in 
that mixture. 
Free Amino Acids in Blood Plasma 
Within the past decade an increasing number of investi­
gators have attempted to relate dietary amino acid levels to 
concentrations of free amino acids in blood plasma. However," 
as early as 1912, Folin and Denis observed that the injection 
of large amounts of amino acids directly into the small intes­
tine of cats resulted in an increase in the nitrogen fraction 
of blood, after the substraction of blood protein and urea. 
Van Slyke and Meyer (I912} found that the amount of amino acid 
nitrogen in the mesenteric blood increased by 60 percent as 
the result of an injection of alanine into the intestine of a 
dog. Also, feeding meat to dogs resulted in a marked increase 
in the amino acids in the blood as compared with the values 
before feeding. Van Slyke and Meyer (I913) also found that 
after intravenous injection of amino acids into dogs fasted 
for four days, approximately five percent of the amino acids 
15 
remained in circulation one half hour after injection. After 
the amino acid injection, the amino nitrogen content of the 
liver increased, but returned to normal within two or three 
hours. 
Seth and Luck (1925) observed variations in blood plasma 
amino acid responses in rabbits and dogs fed different amino 
acids. Glycine and alanine, for example, attained a very high 
level in the plasma and remained at this high level for the 
remainder of the experimental period ( 3 to 6 hours after feed­
ing). The other amino acids increased slightly in the plasma, 
but came down to a normal level by the end of the experimental 
period. King and Rapport (1933) injected tyrosine intrave­
nously and found that 95 percent disappeared within five min­
utes, They indicated that this rapid decrease was due to dis­
appearance into the tissue, since no increase in blood urea 
or urinary nitrogen was sufficient to explain the loss of ty­
rosine, Friedberg and Greenberg (19^7) showed that amino 
acids administered intravenously to rats were rapidly removed 
from the blood plasma, but at varying rates. Also, the in­
jected amino acids were concentrated at different rates by 
the various tissues examined. The highest concentration of 
amino acids appeared in the liver and kidney, to a lesser 
amount in the skeletal muscle and not at all in the brain. 
Other amino acids and proteins were soon studied to de­
termine their effect on plasma amino acids. The plasma level 
of arginine, histidine, isoleucine, leucine, methionine. 
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phenylalanine, threonine, tryptophan, tyrosine and valine rose 
when the corresponding amino acid was given by gavage to dogs 
(Hier, 1947). High levels of leucine, isoleucine and methio­
nine in the plasma caused a decrease in the level of certain 
other amino acids. Despite the high level of methionine in 
the plasma there was no increase in the cystine level. The 
tyrosine level increased in the plasma when phenylalanine was 
ingested, while the reverse did not occur. Dent and Schilling 
(1949) found a large increase in the concentration of amino 
acid in the portal blood of dogs following ingestion of pro­
teins such as casein, casein hydrolysate, ground beef or hu-
man-serum albumin. The blood amino acids appeared to belong 
to three types: those amino acids which rose and fell charac­
teristically after the protein meal; those which varied less 
regularly, tending if anything to rise slightly throughout 
the five hour period; and those which did not change appre­
ciably during the experiment. 
Denton and Elvehjem (1954a) observed a decrease followed 
by an Increase in the amino acid concentration of the portal 
blood plasma after feeding dogs zein. The concentration of 
amino acids in the portal vein of dogs increased rapidly after 
feeding beef or casein. Also, when rats were fed raw pork 
there was a prompt increase in free amino acids in the plasma 
(Wheeler ajid Morgan, I958). These increases in plasma amino 
acid were proportional to the amounts supplied by the dietary 
protein. 
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The relationship between plasma amino acid levels of 
systemic blood and protein quality has been studied in sev­
eral species of animals. Charkey et (1950) and Richard­
son et (1953) measured arginine, lysine, methionine, tryp­
tophan and valine in the plasma of chicks fed diets containing 
peanut meal or other protein sources. The concentration of 
each of these plasma amino acids correlated reasonably well 
with their concentration in the dietary protein. Almquist 
(195^) has drawn attention to the fact that a dietary defi­
ciency of an amino acid results in low levels of that parti­
cular amino acid in the plasma. Particularly low levels of 
plasma methionine were found in chicks fed either soybean or 
peanut meal. Low plasma arginine levels were observed in ani­
mals given a soybean-protein-casein diet, whereas lysine was 
markedly depressed in the plasma of chicks fed peanut meal. 
These findings are consistent with the theory that an abnor­
mally low level of a particular amino acid in the plasma in­
dicates a deficiency of that amino acid in the dietary protein. 
This relationship appears to be true for lysine in dogs (Denton 
and Elvehjem, 1954a), rats (McLaughlan et ^ ., I96I) and chicks 
(Richardson et al., 1953); for methionine in pigs (Puchal 
et al., 1962) and for tryptophan in dogs (Longenecker and 
Hause, 1959) and chicks (Hill et 1961)0 Many researchers 
agree that the concentration of blood plasma amino acids cor­
responds relatively well with the amino acid composition of 
the ingested protein. However, the lack of a consistent 
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correlation has been demonstrated by other researchers (Frame, 
1958; Guggenheim et I96O; Goldberg and Guggenheim, 
1962; Hill and Olsen, 1963a). 
Longenecker and Hause (1959) found in the adult dog that 
the plasma changes after a meal were directly dependent upon 
the amino acid composition of the protein ingested. Lysine 
was found to be the first-limiting amino acid for wheat gluten, 
tryptophan for gelatin, and arginine for casein. The authors 
postulated that the individual essential amino acids were re­
moved from the blood by the body tissue at rates proportional 
to the amino acid requirement of the dog. 
On the other hand, the extent and duration of a rise in 
concentration of lysine and methionine in portal plasma of 
rats during protein digestion was shown by Guggenheim et al. 
(1960) and Goldberg and Guggenheim (I962) not to be in com­
plete agreement with the amino acid composition of the pro­
tein source. 
In studies reported by Peraino and Harper (I963) the 
force-feeding of zein had little effect on the concentration 
of free amino acids in the portal and systemic plasma, but 
force-feeding casein caused a substantial increase in the con­
centration of free amino acids in the portal plasma. Hill et al. 
(1961) observed a marked decrease in the level of lysine in the 
plasma and a significant reduction in chick gains as a result 
of adding I5 percent zein to a diet containing 9.5 percent 
protein from soybean meal. These observations reflect the low 
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level of lysine in zein protein and also indicate that the 
other amino acids are relatively unavailable to the chick and 
rat, probably.because of the poor amino acid balance and low 
digestibility of zein protein. 
When diets deficient in leucine, isoleucine, valine and 
arginine were fed to chicks (Hill and Olsen, 1963a) there was 
a marked depression of the dietary deficient amino acid in 
the blood plasma. Also, McLaughlan (1964) reported that plas­
ma lysine concentrations were relatively low in rats fed egg 
or oatmeal, as compared to those fed the other proteins. Ly­
sine in these foods has long been recognized as a limiting 
amino acid for the growth of rats (Mitchell and Smuts, 1932; 
Tang et ^., I958). Similarly the low levels of methionine 
in peas and of tryptophan in the corn-fish flour mixture were 
reflected by low levels of methionine or tryptophan in the 
plasma. Also, when rats were fed diets containing 10 percent 
protein (from egg, casein, oatmeal, peas and corn plus fish 
flour) the limiting amino acid in each diet fell to a compara­
tively low level in the plasma. These results demonstrate a 
relationship between the amino acid levels in the plasma and 
the amino acid concentration of the dietary protein. 
Since the relationship between plasma amino acids and 
dietary protein had been established, many researchers sought 
methods in which the plasma amino acids could be used accurate­
ly to determine the limiting amino acids of a protein. 
The addition of arginine to a casein diet for the chick 
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was shown by Owlngs and Balloun (I96I) to result in an increase 
in chick gains and free arginine levels in the plasma, with a 
corresponding decrease in the other essential amino acids. 
These authors concluded that the chicks were either able to 
utilize these amino acids from the blood much more completely 
when arginine was added to the diet, or the chicks were not 
able to absorb the essential amino acids in casein to the same 
extent as when no arginine was added. 
Smith and Scott (1965a) compared free amino acid patterns 
in the plasma of chicks fed standard crystalline amino acid 
diets with those resulting from feeding a similar diet in 
which the crystalline amino acids component was replaced by 
an equivalent amount of protein (N x 6.25). Various fish 
meals were used as the source of intact protein. Feeding pro­
cedures were controlled to assure an equal amount and rate of 
intake of all nutrients among experimental groups prior to the 
time of blood sampling. There was a decrease in the concentra­
tion of essential amino acids (with the exception of lysine) 
in the plasma of chicks fed the fish meal diet compared to 
those fed the control diet. Using the plasma amino acid cri­
teria, the amino acids which appeared to be most limiting in 
the fish meal diet were histidine, valine, methionine and 
threonine. However, in growth studies the chick responded 
first to methionine added to the diet and then to single addi­
tions of histidine, phenylalanine and possibly threonine. 
Also, Smith and Scott (1965b) studied the relationship of 
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the free amino acids in plasma of chicks fed sesame meal (with 
and without added lysine) and soybean meal (with or without 
added methionine). A low level of lysine was observed in the 
plasma of chicks fed sesame meal, showing that lysine is a 
limiting amino acid in this protein. Methionine was observed 
to be a limiting amino acid in soybean meal, with apparent de­
ficiencies in threonine, histidine and lysine. All other amino 
acids in soybean meal appeared adequate when compared with the 
standard reference diet. Supplementation of sesame and soybean 
meal with lysine and methionine, respectively, resulted in a 
reduced net plasma level of most of the other amino acids. 
This is a possible reflection of improved amino acid utiliza­
tion for tissue synthesis resulting from the improvement of 
the amino acid balance. 
The data from the two previous papers indicated that the 
level of amino acids in blood plasma of the chick reflected 
the amino acid composition of the dietary protein satisfactori­
ly enough to predict the limiting amino acids of the protein. 
Plasma amino acid levels of the pig have recently been 
studied by many researchers. Increasing the protein level 
from 0 to 30 percent resulted in an increase of 12 amino acids 
in the plasma of the pig (Ritchey and Richardson, 1959). The 
levels of lysine, leucine, histidine and isoleucine in the 
plasma of the pig were studied by Mitchell et al. (1964). 
Blood samples were obtained following a fasting period from 
pigs after a six hour feeding period. The amino acids under 
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study remained at a rather constant low level in the plasma 
until a certain dietary amino acid level was reached, then 
there was a sharp and usually a linear increase. They con­
cluded that the plasma level of the limiting amino acids re­
mained low until the requirement had been met and that levels 
above the requirement resulted in marked increase in the 
plasma. 
Windels et (1964) studied the effect of source 
(fish meal, soybean meal and dried skim milk) and level (9, 
12, 15 and l8 percent) of dietary protein on free amino acids 
in the plasma of pigs. Blood samples were withdrawn from the 
anterior vena cava at eight and twelve hours post-feeding. 
Source and level of protein affected the plasma amino acid 
levels, with fish meal resulting in the highest mean values 
at each level of protein. Levels of free amino acids in the 
plasma tended to plateau when the diets contained 12 to 15 
percent protein. These protein levels correspond with those 
which result in maximum rate of gain. However, recent re­
search by Richardson et (I965) indicated that some plasma 
amino acids were significantly affected, while other amino 
acids were not affected by feeding pigs purified diets (using 
soybean meal as the protein source) containing zero, 15 or 
30 percent protein. There were significant increases in glu­
tamic acid, isoleucine, leucine, ornithine, threonine, tyro­
sine and valine with increasing protein levels. No significant 
effects or trends in concentrations of aspartic acid, glycine. 
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histidine, lysine, methionine, phenylalanine, proline or 
serine resulted from changes in level of dietary protein. 
When pigs were fed amino acid diets with single voids in 
the essential amino acid, there was a low level of plasma 
amino acid for each particular amino acid that was void 
(McGillivray et , I965), with the exception of histidine 
in which the void did not appreciably alter the level of his­
tidine in the plasma. Also, most of the amino acids in the 
plasma of pigs receiving a complete amino acid diet (free of 
natural protein) were higher than in the plasma of pigs re­
ceiving a corn-soybean meal diet. 
Working with the young pig, Puchal et (I962) indicat­
ed that plasma concentration of individual amino acids depend­
ed to a certain degree upon the amount present in the diet 
(with the exception of some of the non-essential amino acids, 
such as glycine and glutamic acid), Ifhen comparing five dif­
ferent protein sources, which resulted in a totally different 
growth response when fed to baby pigs, the concentration of 
free amino acids in the blood plasma appeared related to, but 
not entirely dependent on the amount of amino acids present in 
the ingested protein. Most of the plasma amino acids in pigs 
fed soybean meal, cottonseed meal, meat meal or fish meal were 
at a much lower concentration than when dried skim milk was 
fed. Clark (19^3) observed that pigs fed soybean meal had 
markedly depressed concentrations of methionine in the blood 
plasma. Methionine deficiency of soybean protein was shown 
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to be corrected "by free amino acid supplementation, as re­
flected in a faster growth rate and increased blood plasma 
methionine concentration. After correcting for the first-
limiting amino acid, methionine, other free plasma amino acids 
decreased in concentration. Threonine and valine declined to 
a greater extent than other amino acids, suggesting that these 
were the next limiting amino acids hindering maximum growth 
rate. The addition of three essential amino acids (methionine, 
valine and threonine) to soybean protein resulted in signifi­
cant changes in the free blood plasma amino acid patterns. 
Free Amino Acids in the Portal and Systemic Blood Plasma 
Even before amino acids were found to be present in a 
free form in blood plasma, Howell (I906) reported that well-
fed dogs had a larger amount of amino acids present in the 
portal blood than in the general systemic blood. Therefore, 
the question arises as to where blood samples should be taken 
from an animal in order to evaluate the dietary protein from 
the free amino acids in the plasma. Amino acids absorbed from 
the intestinal tract are transported by the portal vein to the 
liver, where selective retention occurs. Thus, the concentra­
tion and proportion of amino acids reaching the systemic cir­
culation may be different from those in portal blood. 
Seth and Luck (1925) were among the first to present 
evidence indicating a difference in the amino acid concentra­
tion of the portal and peripheral blood. When dogs were fed 
different amino acids, the free amino acid levels of the 
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portal blood were higher than the corresponding arterial 
values» 
Dent and Schilling (1949), using dogs fed a test diet, 
indicated that the plasma amino acid concentrations of the 
jugular blood were quantitatively less, but were qualitatively 
similar to portal blood. These results were supported by the 
findings of Christensen (1949). 
On the other hand, Denton et aJ, (1953) cannulated the 
portal vein in dogs and observed an appreciable difference 
between the portal and radial blood. This was interpreted as 
being due to amino acid removal from the blood by tissues as 
well as a dilution effect. 
Further reports by Denton and Elvehjem (1954a, 1954b) in­
dicated there was a rapid increase in the essential amino 
acids of portal blood after feeding beef or casein to dogs. 
Also, the increase in the individual amino acids was propor­
tional to the amounts supplied by the proteins. 
In the young pig (Puchal, 1962) no appreciable difference 
occurred in the amino acid pattern (that is, in the ratios 
of one amino acid to another) or in the quantitative presence 
of these amino acids. Peraino and Harper (I963) observed aji 
increase in the amino acid concentration in the portal plasma 
after rats were force-fed. Also, the amino acid concentration 
of systemic plasma reflected approximately the same pattern 
observed in the portal plasma. Similar results obtained by 
Clark (1963) with the pig indicated no significant differences 
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occurred in the ratios of plasma amino acids between portal 
and anterior vena cava blood. 
Since the plasma amino acid ratios of the portal and vena 
cava blood did not vary significantly, this indicates the an­
terior vena cava blood is appropriate for the evaluation of a 
dietary protein. 
Effects of Pasting on Free Amino Acids in the Plasma 
Charkey et (195^) reported an increase in the concen­
tration of five plasma amino acids when two-week-old chicks 
were fasted 48 hours, but when six-week-old chicks were fasted 
for a similar period lysine was the only amino acid which con­
sistently increased. In humans (Charkey et 1955)> after 
a 48 hour fast, the concentration of lysine, threonine, methi­
onine, arginine and tryptophan decreased slightly and leucine 
and valine increased slightly in the blood plasma. 
Hill and Olsen (1963a) reported that when chicks were fed 
a diet containing 15 percent isolated soybean protein and then 
fasted for periods of 12 to 48 hours, a marked elevation in the 
concentration of lysine and threonine occurred in the blood 
plasma. The maximal levels of these amino acids were recorded 
between 24 to 36 hours after feeding. Concentrations of glu-
tamine, isoleucine, leucine and valine were also elevated, but 
to a considerably lesser degree, while arginine, histidine, 
phenylalanine, tryptophan and tyrosine were depressed. These 
results confirm earlier reports (Charkey et al., 1953; 
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Charkey e;t , 195^5 and Gray ^  I960) that when chicks 
are deprived feed, a marked increase occurs in the levels of 
free lysine and threonine in the blood plasma. 
Block and Hubbard (1962) found a large decrease in serine, 
asparagine and glutamine, glutamic acid, citrulline, glycine, 
tyrosine, ornithine and arginine in the blood plasma of rab­
bits after a 42 hour fast and a smaller decrease in these 
same amino acids after fasting 88 hours. 
Chance et (I962) determined the fasting plasma amino 
acid levels in pigs. Both the essential and non-essential 
amino acid levels decreased sharply after 6 hours, then the 
decline was less rapid after 12 hours of fasting. The authors 
suggested the possible use of fasting levels of plasma amino 
acids for the prediction of amino acid requirements, Longe-
necker and Hause (1959, I961) used fasting plasma amino acid 
levels in calculating the plasma amino acid ratio to determine 
protein adequacy in dogs. Hill and Olsen (1963b) used a modi­
fication of the method proposed by Longenecker and Hause (1959)* 
These authors calculated plasma amino acid ratios by relating 
the plasma amino acid concentration, which was corrected for 
the amino acid concentration in the plasma obtained when a 
non-protein diet was fed, to the amino acid requirement of the 
chick. 
Clark (1963) reported that after fasting pigs for I8 hours 
and then control feeding either soybean or milk protein, irreg­
ular changes appeared in the plasma amino acids levels. 
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especially for the latter protein source, at two and four 
hours after feeding. The changes did not correspond to the 
relative amino acid composition of the ingested protein and 
the concentrations of the different plasma amino acids did not 
remain constant. Recently, Richardson ^  a2, (I965) studied 
the effect of fasting on free amino acids in the pig plasma. 
These authors observed a lower concentration of every amino 
acid after a 12-hour fast as compared to plasma amino acids 
levels when pigs were allowed feed ^  libitum or fasted for 
24 hours. When compared to pigs allowed feed ^  libitum only 
four amino acids, glycine, histidine, lysine gind methionine, 
were found at higher concentrations after 24 hours of fasting. 
In general, fasting an animal may lower or increase some 
of the amino acids in the plasma, depending on species, type 
of protein and length of fast. Several investigators have 
employed different techniques, using the fasting level of plas­
ma amino acids, to try and determine the amino acid requirements 
of the animal. However, the accuracy of these methods would 
depend on knowing the exact amino acid requirements of the 
animal and also when an amino acid would peak in the plasma 
after the ingestion of various dietary proteins. 
The changes which occur in the concentration of free amino 
acids in the plasma after the ingestion of a dietary protein 
have been shown to depend upon the amino acid composition of 
the dietary protein, the rate of release of free amino acids 
from the protein during digestion, the rates of absorption of 
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the amino acids, the extent to which the amino acids are metab­
olized by the intestinal tissue during absorption, and the 
rates of removal of the absorbed amino acid from the blood. 
Recently, free amino acids in blood plasma have been 
used in an attempt to determine the amino acid availability 
of proteins. The amino acid concentration in the blood cor­
relates reasonably well with the amino acid concentration of 
dietary protein. Therefore, plasma amino acids have been 
used to estimate the limiting amino acids of protein, A low 
concentration of an essential amino acid in the plasma in­
dicates that this amino acid is limiting. Addition of a limit­
ing amino acid to a diet results in a corresponding increase 
of that particular amino acid in the plasma and a characteris­
tic change in the concentration of the other amino acids. 
These changes in the amino acid concentrations have been used 
to predict the next limiting amino acid of a dietary protein. 
There has been some controversy as to the most appropriate 
feeding method, time of sampling and place of sampling in order 
to evaluate the amino acid availibility of proteins. Some re­
searchers have collected blood samples without regard to time 
from animals allowed feed ^  libitum. Others have fasted the 
animals, fed them for a given period of time, and then taken 
blood samples at different time intervals. Amino acid concen­
trations in the plasma peak at different times after the in­
gestion of a protein, while animals allowed feed ^  libitum 
have a relatively constant level of amino acids in the blood 
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plasma. Free amino acid concentrations in the portal blood 
are quantitatively higher than in the anterior vena cava blood; 
however, there are no appreciable differences in the amino acid 
patterns of portal and anterior vena cava blood. 
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EXPERIMENTAL PROCEDURE 
General Procedure 
The data from the experiments which comprise this dis­
sertation are on file in the Animal Science Department of the 
Iowa Agricultural and Home Economics Experiment Station as 
Swine Nutrition Experiments 6308, 6328, 6403, 6411, 6440, 6445, 
6302 and 6311» The common features of these experiments will 
be described to avoid unnecessary repetition in the discussion 
of each individual experiment. 
All experimental animals were crossbred pigs of Landrace, 
Yorkshire and Black Poland China breeding, and were obtained 
from the swine nutrition farm breeding herd. Within 24 hours 
after birth the needle teeth of the pigs were clipped, and 
each pig was individually weighed, ear-marked and injected 
intraperitoneally with two milliliters of iron-dextran com­
plex (50 mg. Fe/ml.). The males were castrated at approxi­
mately five days of age. 
All pigs were 10 to I8 days of age at the beginning of 
the experiments. Pigs were fasted 10 hours after being re­
moved from the sow and then feed was allowed ^  libitum. Pigs 
in Experiments 6328, 6403, 6411 and 644o were group-fed the 
basal ration for a two-day pre-experimental period. During 
this time they were adjusted to eating dry feed. In Experi­
ments 6502 and 6511 all pigs were allowed a high-milk ration 
(Table 9) for two days, while each pig in Experiment 6445 was 
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allowed 23O grams of the high-milk ration to adapt to consump­
tion of dry feed. 
Experiments 6328, 6403, 6H-11, 6440, 6502 and 65II were con­
ducted in a temperature-controlled unit equipped with germicidal 
(ultraviolet) lamps at different locations in the unit. The 
concrete floor under the individual metal pens was heated by 
thermostatically controlled circulating water. The tempera­
ture of the room and floor was adjusted to 85 degrees Fahren­
heit initially and gradually lowered after the first week un­
til a temperature of 70 degrees Fahrenheit was reached by the 
third week of the experiment. This temperature was maintained 
during the remainder of the experimental period. Each individ­
ual pen was furnished with a self-feeder and a continuous-flow 
water fountain, and the pens were cleaned daily. 
Experiments 6308 and 6445 were conducted in units with 
concrete-floored pens sind the pigs were grouped three per pen. 
The experimental units were maintained at a relatively constant 
temperature (as described above) by a thermostatically control­
led heating system. The pigs had access to self-feeders and 
automatic self-flushing water fountains at all times. The pens 
were cleaned daily and wood shavings were provided as bedding. 
Solvent processed soybean meal (50 percent protein) was 
used as the only protein source for all experiments except 
6502. In Experiment 6502 corn gluten meal containing 4l per­
cent protein was used. All rations supplemented with amino 
acid were made isonitrogerous with dibasic ammonium citrate. 
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The experiments were conducted for a 28-day period, ex­
cept Experiment 6411 which lasted for 21 days. Pigs and feed­
ers were weighed at weekly intervals. All pigs were randomly 
allotted within litter (Experiments 6308, 6328, 6403, 6411, 
6511) or within weight outcome groups (Experiments 6440, 6445, 
and 6502) to a randomized complete block design, except Ex­
periment 6440 in which a randomized incomplete block design 
was used. The data collected from each experiment were sta­
tistically analyzed and any missing data were calculated by 
the methods of Snedecor (1956). Any reference to statistical 
significance pertains to the probability level of 5 percent 
or less. 
Analytical Methods 
Blood samples were obtained (except in Experiment 6308) 
from the anterior vena cava after the pigs had been on the 
experimental treatments for two weeks, A syringe was used for 
obtaining blood and the dead space contained a 10 percent so­
dium citrate solution (Hewitt, 1932), as an anticoagulant. 
The blood samples were placed in centrifuge tubes which con­
tained 0,1 milliliter of the sodium citrate solution and 
centrifuged immediately at 2,500 r,p,m. for 10 minutes. 
Equal volumes of plasma from each pig were then pooled. 
Four milliliters of the plasma were promptly transferred 
into larger centrifuge tubes and deproteinized by the addition 
of 20 milliliters of a three percent sulfosalicylic acid 
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solution (Hamilton, I962) and then centrifuged at 3,000 r.p.m. 
for 10 to 15 minutes. The protein-free plasma was then trans­
ferred to polyethylene bottles and stored at -17 degrees Cen­
tigrade until processed. 
Twenty milliliters of the deproteinized plasma were 
transferred to an evaporating flask. To this flask was added 
one milliliter of norleucine (standard solution) which was 
used as an internal standard. This solution was then neutra­
lized to pH 7.0 (Hydrion paper) by additions of 2N NaOH and 
allowed to stand at room temperature for four hours, these 
being conditions which convert cysteine to cystine (Stein and 
Moore, 195^). This solution was concentrated to approximately 
one milliliter under vacuum using a rotary evaporator at 55 
degrees Centigrade. The concentrated solution was then trans­
ferred and diluted to 10 milliliters with 0,02N HCl or until 
the desired pH of about two to three was reached. One milli­
liter of this solution was analyzed by ion exchange as de­
scribed by Moore and Stein (195^), but employing the Technicon 
Autoanalyzer and using a nine-chambered autograd for gradient 
elution of the amino acids with the modifications as recom­
mended by Hamilton (I962). Integration constants were deter­
mined for each amino acid from a standard micromole amino acid 
solution and used to calculate the amino acid concentrations 
in blood plasma samples. 
Tryptophan was not observed in the eluates as would be 
expected in view of the rate of destruction reported for this 
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amino acid (Stein and Moore, 1954) in this analytical pro­
cedure and in view of the low plasma concentration observed 
in most species (0,60 to 0,88 mg. per 100 ml.). Tryptophan 
was determined by the method of Hess and Udenfriend (1959) 
with modifications as follows: the proteins were precipitated 
with eight percent trichloreacetic acid and the benzene ex­
traction was not performed. Fluorescence was measured by a 
G. K. Turner model 110 photofluorometer at 440 millimicrons. 
Tryptophan was analyzed in plasma samples of Experiments 6403, 
6411, 6445 and 6502. 
Experiment 6308 - Soybean Protein Digestibility and Plasma 
Amino Acid Levels 
Objective 
The purpose of this experiment was to study the effect of 
increasing the percentage of protein, the addition of methio­
nine and the age of pigs on apparent protein digestibility and 
blood plasma amino acids levels of the baby pig. 
Experimental procedure 
Twenty-four crossbred pigs averaging 5.3 kilograms of body 
weight were randomly allotted to four experimental treatments 
with two replications of three pigs per pen. A 2x2 factorial 
arrangement of treatments was used in this experiment including 
two levels of protein (20 and 25 percent) and two levels of 
supplemental methionine (0.0 and 0.1 percent). Composition of 
the basal rations is presented in Table 3« Blood samples and 
fecal collections were taken from each pen of pigs on the 
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Table 1, Experiment 6308 - Summary of average total gain and 
feed required per unit of gain 
DL-methlonlne added to rations 
0,0% 0.1# 
Protein levels Average total gain. . kg.- Avg. 
20^ Rep, I 
II 
9.37 
6.75 
10.34 
7.16 8.40 
25^ Rep, I 
II 
10,26 
6.95 
10.29 
7.28 8.69 
Average 8.33 8.77 
Protein levels Feed/gain Avg. 
20^ 
# 
Rep. I 
II 
1.68 
1.82 
1,54 
1.59 1.66 
25^ Rep. I 
II 
1.50 
1.71 
1.54 
1.56 1.58 
Average 1.68 1.56 
seventh and twenty-eighth day of the experiment. Apparent di­
gestibility of protein was determined by the chromic oxide 
method (Kimura and Miller, 1957) and basic amino acids were 
determined by column chromatography. 
Results and discussion 
Increasing the protein level of the ration from 20 to 25 
percent resulted in slight increases in pig gains (8.40 vs 
8.69 kg.) and a reduction in the amount of feed required per 
unit of gain (1.66 vs 1,58). A similar response resulted from 
supplementation of the ration with 0,1 percent methionine 
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Table 2, Experiment 6308 - Siamnary of apparent digestibility 
of protein 
DL-methionine added to rations 
0.0$ 0.1# 
Protein levels 7 Days on diet Avg. 
20$ Rep. I 
II 
65.32 
62.37 
65.37 
52.97 61.51 
25$ Rep. I 
II 
62.38 
66.45 
67.03 
47.65 60.88 
Average 64.13 58.25 
Protein levels 28 Days on diet Avg, 
20# Rep. I 
II 
79.77 
75.21 
76.35 
79.13 77.61 
25# Rep. I 
II 
81.28 
80.41 
88.78 
74.38 81.21 
Average 79.17 79.66 
(8.33 vs 8.77 kg. body weight gain and 1.68 vs 1,56 feed per 
unit of gain). Previously published data have repeatedly 
shown that methionine additions to soybean protein improves 
pig gain and feed efficiency (Acker et 1959; Hays et al,, 
1959). 
A decrease in the protein digestibility occurred with in­
creasing protein and methionine levels at the seventh day col­
lection (Table 2). Maner et (I96I) also found that methi­
onine addition caused a slight decrease in protein digestion 
by baby pigs. There was a slight increase in protein 
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digestibility (77.6 vs 81,2 percent) with increasing protein 
level at the 28 day collection period. With an increase in 
the age of the pig there was a significant increase in appar­
ent digestibility of the protein. Similar results were ob­
tained by Lloyd et al, (1957) and Hays et aX, (1959)• 
An increase in the free basic amino acids (lysine, his-
tidine and arginine) occurred in the blood plasma at the 
seventh day when methionine was added or with increased pro­
tein level (Table 11), At 28 days the addition of methionine 
reduced the basic amino acids in the plasma, while increased 
protein level increased the basic amino acids in the plasma. 
There was a highly significant increase in free basic amino 
acids with increasing age, which corresponded with the in­
creasing protein digestibility. 
Experiment 6328 - Levels of Methionine Supplemented to Soybean 
Protein for Baby Pigs 
Objective 
Previous data reported by Puchal (1962) indicated that 
threonine and valine in the plasma decreased when methionine 
was added to soybean protein. Also, Clark (I963) observed 
that after correcting for the first-limiting amino acid of 
soybean protein, by adding methionine, other free amino acids 
in the plasma decreased in concentration. Threonine and valine 
declined to a greater extent than other amino acids, suggesting 
these were the next limiting amino acids in soybean protein. 
This experiment was designed to study the effect of 
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supplemental methionine, valine and threonine to soybean pro­
tein rations on growth rate, feed efficiency and free amino 
acids in the blood plasma. 
Experimental procedure 
Thirty-six pigs averaging 15.7 days of age and 3.9 kilo­
grams of body weight were allotted to six replications of 
six experimental treatments. Two levels of protein (20 and 
25 percent) were used in this experiment. DL-methionine was 
added at 0.20 or 0.40 percent to the 25 percent protein rations. 
DL-valine (0,38 percent) and DL-threonine (O.32 percent) were 
added in combination to each level of DL-methionine (0.20 or 
0.40 percent) at the 25 percent protein level. The ration 
containing 20 percent protein was supplemented with 0.40 per­
cent DL-methionine, Composition of the basal rations is pre­
sented in Table 3* Plasma from two pigs was combined to form 
one sample, thus giving three replications of plasma samples 
for each experimental treatment. 
Results and discussion 
Total gains and feed required per unit of gain are pre­
sented in Table 12 and graphically in Figure 1. 
There were no significant differences in pig gains between 
experimental treatments. However, pigs gained faster when 0,40 
and 0.20 percent DL-methionine were added to the 20 and 25 per­
cent protein rations, respectively. The addition of 0.40 per­
cent DL-methionine to the 25 percent protein ration resulted 
in a slight decrease in pig gains (9.4 vs 9.3) as compared 
Figure 1. Experiment 6328 - Effects of amino acid supplemen­
tation on pig gains and feed per unit of gain 
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with the basal rations. 
The combination of valine and threonine at either level 
of methionine did not improve pig gains, and actually caused 
a decrease in gains when compared with the performance on the 
ration supplemented with 0.20 percent DL-methionine (10,7 vs 
9.6 kg.). Clark (I963) observed that some growth response 
occurred when pigs were fed rations supplemented with valine 
or threonine in combination with methionine; however, in a 
later experiment a combination of threonine, valine and methi­
onine resulted in a decrease in pig gains as compared with 
performance on rations with only supplemental methionine. 
Similar results were obtained in this experiment. 
A significant decrease in the amount of feed required 
per unit of gain occurred when pigs were fed the 25 percent 
protein rations as compared with the feed conversion by pigs 
fed the 20 percent protein ration (1.48 vs 1,56). 
Summaries of the free amino acid patterns of pigs fed 
rations containing 25 percent protein are presented in 
Tables I3, l4 and 15, and Figures 2, 3 and 4. 
With increasing methionine levels in the ration there was 
a corresponding linear increase in methionine and cystine con­
centration in the plasma. The addition of valine and threonine 
to the ration containing 0.40 percent DL-methionine caused a 
further increase in methionine and cystine levels in the 
plasma (Figure 2), 
Supplementation with 0.20 percent DL-methionine resulted 
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in a decrease in the essential amino acids in the plasma, 
while at the 0.40 percent DL-methionine level there was an 
increase in valine, arginine, tyrosine, isoleucine, leucine 
and lysine as compared with the plasma patterns of pigs fed 
the ration supplemented with 0,20 percent DL-methionine. 
Additions of threonine and valine to the rations resulted in 
a corresponding marked increase of these two amino acids in 
the plasma. Clark (1963) also observed that the additions of 
amino acids to the ration resulted in a corresponding increase 
of that particular amino acid in the plasma. The other essen­
tial amino acids, in general, increased in the plasma when 
valine and threonine were added. This would indicate there 
was either an increased absorption of these amino acids, or 
more likely a decrease in the utilization of these amino acids 
for tissue synthesis as was indicated by the reduction in pig 
gains. 
Experiment 6403 - Protein and Methionine Levels for Baby Pigs 
Objective 
In the first experiment (Experiment 6308) just one level 
of methionine was used and only the basic amino acids were 
determined. In the second experiment there was a reduction 
in pig gains when 0.40 percent methionine was added to a 
25 percent protein ration. 
Therefore, this experiment was designed to further study 
the effects of protein and methionine levels on performance. 
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protein digestibility and blood plasma amino acid levels of 
the young pig. 
Experimental procedure 
Thirty-six pigs averaging 15.3 days of age and 4.4 kilo­
grams of body weight were allotted to six replications of six 
experimental treatments. The composition of the basal rations 
is presented in Table 4. A 2x3 factorial arrangement of treat­
ments was used in this experiment. There were two levels of 
protein (20 and 25 percent) and three levels of supplemental 
DL-methionine (0.0, 0,2 and 0,4 percent). After two weeks on 
experiment fecal collections were taken from each pig and ap­
parent digestibility of protein was determined by the chromic 
oxide method. Plasma from two pigs was combined to form one 
sample, thus giving three replications of plasma samples for 
each experimental treatment. 
Results and discussion 
A summary of total gain and feed required per unit of gain 
is presented in Table l6 and Figure 5. There was a significant 
quadratic effect on pig gain (8.24, 9.68 and 8,40 kg.) and feed 
required per unit of gain (1.73, 1.55 and 1.59) with increasing 
methionine levels. Pigs gained the fastest and required the 
least amount of feed per unit of gain when 0.20 percent DL-
methionine was added to the rations. Pigs fed the 20 percent 
protein ration supplemented with 0.40 percent DL-methionine 
gained more than those pigs fed the basal ration. However, 
with the addition of 0.40 percent DL-methionine to the 
Figure 5. Experiment 6303 - Effect of protein and methionine 
levels on pig gains and feed per unit of gain 
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25 percent protein ration there was a decrease in pig gains as 
compared with those pigs fed the basal ration. Becker e;t al. 
(1955a) also observed a decrease in pig gains when 0.30 or 
0.40 percent DL-methionine was added to a 12.6 percent protein 
ration. However, Maner et a2. (I96I) observed increased pig 
gains with either 0,23 or 0.45 percent DL-methionine added to 
a ration containing 28 percent protein. The literature is 
somewhat conflicting, but different protein levels were used 
in all cases. However, in Experiment 6328, the addition of 
0.40 percent DL-methionine also caused a decrease in pig gains. 
Increasing the protein level from 20 to 25 percent re­
sulted in a significant decrease in the amount of feed re­
quired per unit of gain (I.69 vs I.56). Jensen et aJ. (1957) 
also observed increased efficiency of feed utilization by the 
pig when protein levels were increased. 
The summary of apparent digestibility of protein is pre­
sented in Table I6 and Figure 6. A significant decrease in 
protein digestibility resulted from increasing the protein 
level from 20 to 25 percent (82 vs 67 percent). Though the 
differences were not statistically significant, increasing the 
methionine levels in the ration resulted in a linear decrease 
in protein digestibility. However, Hays £t (1959) and 
Maner et (I96I) observed similar protein digestibilities 
between rations with or without added methionine. Therefore, 
the reduction in protein digestibility due to adding methio­
nine may be caused by the variation in the methods used in 
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determining protein digestibility. 
Free amino acid patterns in blood plasma are svjnmari/.ed 
iri Ta,Tiles 17, l8 and 19, and in Figures 7, 8 and 9. The addi­
tion of 0.20 percent DL-methionine to the rations resulted in 
a decrease in concentration of the total and the 10 essential 
amino acids in the plasma. The addition of 0,40 percent DL-
methionine to the ration containing 25 percent protein re­
sulted in a further decrease in the plasma amino acid concen­
tration; however, adding 0.4 percent methionine to the ration 
containing 20 percent protein did not cause a further decrease 
in plasma amino acids. 
The plasma amino acid concentrations, in general, paral­
leled the protein digestibility values. Pigs fed the ration 
containing 20 percent protein had a significantly higher pro­
tein digestibility and corresponding higher plasma amino acid 
levels than those pigs fed the 25 percent protein rations. 
These observations would agree with the conclusions of Goldberg 
and Guggenheim (I962) in that the amount of amino acids present 
in the portal plasma after the ingestion of a protein meal not 
only depends on the quantity of amino acids in the food pro­
tein, but also on the rate and extent of digestion and the 
rate of amino acid absorption. 
Increasing methionine levels in the ration resulted in a 
corresponding linear increase in methionine and cystine in the 
plasma. If methionine was added to the ration there was a de­
crease in the plasma concentrations of histidine, isoleucine. 
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leucine, phenylalanine, tyrosine and arginine, and no change 
in tryptophan levels. Lysine and threonine followed by valine 
decreased the greatest extent in the plasma, thus again indi­
cating that these may be the next limiting amino acids of 
soybean protein. 
Experiment 64ll - The Effect of Feeding Methods and Time of 
Sampling on Free Blood Plasma Amino Acids 
Objective 
There has been some controversy as to the most appropriate 
feeding regimen and time of blood sampling in order to evaluate 
the amino acid availability of dietary proteins. Some research­
ers have obtained blood plasma without regard to time from pigs 
allowed feed ad libitum (Puchal e;t 1962; Clark, I963), 
Other researchers have fasted the animals then fed them for a 
given period of time, and blood samples were taken at different 
intervals after feeding (Longenecker and Hause, 1959, 19^1; 
Richardson et al., I965). 
Therefore, the purpose of this experiment was to study 
the effect of feeding methods and time of blood sampling; 
0, 2, 4, 6 and 8 hours after feeding, on free amino acids in 
the blood plasma. 
Experimental procedure 
Six litter-mate pigs, 10 days of age and averaging 3.6 
kilograms of body weight, were randomly allotted to three rep­
lications of two feeding regimens. All pigs were allowed feed 
ad libitum during the first week of the experiment. After the 
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first week, three pigs were offered feed twice daily for one-
hour feeding periods. The other three experimental pigs were 
allowed feed ad libitum throughout the experimental period. 
The purpose of the controlled feeding was to train the pigs 
to adjust their feed consumption to a feeding period of this 
duration. The composition of the ration is presented in 
Table 4, 
The pigs which had been fed twice daily for two weeks were 
fasted 18 hours before the first bleeding period, zero hour, 
and then allowed to eat for one hour, after which time blood 
samples were taken at 2, 4, 6 and 8 hours. Blood samples were 
also taken from the pigs allowed feed ^  libitum at the same 
time intervals as for the fasted pigs. 
Results and discussion 
Summaries of free amino acids in the blood plasma are pre­
sented in Tables 20, 21, 22 and 23, and in Figures 10, 11, 12 
and 13. In Figure 10 the top illustration shows the plasma 
amino acid concentration for the pigs fasted and those allowed 
feed libitum. The amino acid values for the pigs fasted 
and then allowed feed for one hour were obtained by taking the 
highest values for each amino acid without regard to time the 
blood samples were obtained. These values were then totaled 
for the 21 amino acids, the I8 amino acids (omitting taurine, 
citrulline and ornithine) and the 10 essential amino acids. 
For the pigs allowed feed ^  libitum the amino acid values 
were obtained by averaging the five periods in which blood 
Figure 10. Experiment 6411 - Effect of time and feeding 
methods on the total, l8 and 10 amino acids 
in blood plasma 
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samples were obtained. There was essentially no difference 
in the concentration of the 21, l8 or 10 amino acids in blood 
plasma when comparing peak values of the pigs fasted with the 
average values of the pigs allowed feed ^  libitum. 
The concentration of plasma amino acids was relatively 
constant over the five periods in which blood samples were ob­
tained from the pigs allowed feed ^  libitum. However, there 
was a decrease in the plasma amino acid concentration at the 
six hour period, Clark (I963) also observed that the majority 
of plasma amino acids remained relatively constant over an 
eight hour period in pigs allowed feed ^  libitum. There was 
an increase in the amino acid concentration in the plasma of 
the fasted pig up to six hours after feeding, at which time 
the highest concentration was reached. At eight hours after 
feeding the amino acid level in the plasma had begun to decline. 
Two amino acids (taurine and serine) were highest in con­
centration at eight hours; 12 amino acids (threonine, citrul-
line, proline, valine, methionine, isoleucine, leucine, tyro­
sine, ornithine, lysine, arginine and tryptophan) peaked at 
six hours; four amino acids (aspartic acid, glutamic acid, 
phenylalanine and histidine) peaked at four hours; one amino 
acid (alanine) peaked at two hours after feeding with glycine 
and cystine being highest after the I8 hour fast, Clark (I963) 
also observed that most of the plasma amino acids peaked at 
six hours after the ingestion of soybean protein. Typpo and 
Meade (1964) observed that the amino acids peaked in the plasma 
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at two to four hours post-feeding, in pigs weighing an average 
of 32.2 kilograms fed a corn-soybean meal ration. Windels 
et al.J (1964) observed a sharp decrease in plasma amino acids 
levels in the pig between eight and twelve hours post-feeding. 
The plasma threonine level was considerably higher for 
the pigs allowed feed ^  libitum as compared with that of 
pigs fasted (Figure 11), However, the pigs fasted, then fed, 
usually had a higher total level of essential amino acids in 
the plasma at six hours after feeding than did the pigs allow­
ed feed ad libitum. The higher level of plasma amino acids 
may be due to the larger amounts of feed consumed at one time 
by the fasted pigs as compared to that of pigs allowed feed 
ad libitum. 
Experiment 6440 - Amino Acid Combinations for Baby Pigs 
Objective 
The purpose of this experiment was to study the main 
effect and interaction of supplemental valine, isoleucine, 
threonine and phenylalanine on pig performance and free amino 
acids in the blood plasma. Also, this experiment was designed 
to further study the effect of feeding and sampling time on 
plasma amino acids. This experiment differs from the previous 
one (Experiment 64ll) in that the experimental treatment in­
cludes the addition of free amino acids to the ration. 
Experimental procedure 
Thirty-two pigs averaging 4.6 kilograms of body weight 
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and 15 days of age were allotted to two replications of 16 
experimental treatments. The composition of the basal ration 
is presented in Table 5. The basal ration contained 0,20 per­
cent DL-methionine supplemented singly or in combination with 
0.20 percent DL-valine, 0.I8 percent L-isoleucine (with D-
alloisoleucine), 0.15 percent DL-phenylalanine and 0,l8 per­
cent DL-threonine. The four way interaction in this experi­
ment was confounded in each of the two replications. Blood 
samples were obtained from pigs allowed feed ^  libitum^ then 
pigs were fasted for I8 hours and blood samples were obtained 
(zero hour). The pigs were then allowed feed for one hour, 
and again blood samples were taken at 2, 4 and 6 hours from 
the time the feed was first given to the pigs. Blood plasma 
amino acids were determined for each pig, thus giving two rep­
lications for each experimental treatment. 
Results and discussion 
Summaries of total gain and feed required per unit of gain 
are presented in Table 24 and Figure l4. There were no signi­
ficant differences in pig gains or feed required per unit of 
gain between experimental treatments. Figure 14 summarizes the 
effect of adding valine, isoleucine, threonine and phenylalanine 
on the pigs' performance. In Figure l4, values for pig gains 
and feed required per unit of gain were obtained by summing 
across all treatments containing the particular amino acid. 
The negative sign represents the treatments in which the amino 
acid was not added to the rations as compared with the positive 
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sign in which the amino acid was added to the rations. The 
addition of valine to the rations decreased pig gains as com­
pared with the gains by pigs fed those rations without added 
valine. The additions of isoleucine, threonine and phenylala­
nine resulted in an increase in pig gains as compared with the 
performance of those pigs fed the rations in which these amino 
acids were not added. There were essentially no differences 
in the amount of feed required per unit of gain by pigs fed 
rations supplemented with the various amino acids. The addi­
tions of valine, isoleucine, threonine and phenylalanine re­
sulted in some improvement in pig gains and feed utilization 
as compared with the performance of the pigs fed the basal 
ration. 
The fastest gains occurred in pigs fed the ration con­
taining supplemental threonine and phenylalanine, while the 
poorest gains resulted in pigs fed rations containing supple­
mental valine, isoleucine and threonine in combination 
(Table 24). 
Free amino acids in the blood plasma are summarized in 
Tables 25 through 32, and graphically in Figures 15, l6, 17, 
l8 and 19. 
Figure 15 summarizes the effect of added amino acids on 
the threonine levels in the plasma. On the abscissa of the 
graph, the amino acids which were added to the rations are 
presented. The ordinate represents the observed concentration 
of threonine, though this and subsequent graphs do not present 
Figure l4. Experiment 6440 - Effect of added amino acids on 
gain and feed per unit of gain 
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a continuous function on the abscissa. However, the line graph 
is used to focus attention on the change in amino acid concen­
tration resulting from dietary amino acid supplementation. 
There was a great increase in the threonine levels in the plas­
ma as the result of adding threonine to the rations, whereas 
the addition of isoleucine singly or in combination with valine 
and phenylalanine, in general, decreased the threonine concen­
trations in the plasma. 
The addition of valine resulted in a corresponding in­
crease in the valine concentrations in the plasma (Figure l6). 
Valine levels decreased in the plasma if threonine was added 
singly or in combination with isoleucine. Other amino acids 
supplemented to the rations had little effect on the plasma 
valine levels, which would suggest that the level of the amino 
acids other than threonine are not limiting in the utilization 
of valine for tissue synthesis. 
The additions of isoleucine singly or in combination with 
valine resulted in a corresponding increase in the isoleucine 
concentrations of the plasma (Figure 17), while adding threo­
nine or phenylalanine singly resulted in a decrease in the 
plasma isoleucine concentrations. If phenylalanine was added 
there was only a slight increase in phenylalanine levels in 
the plasma, while the other amino acid combinations had little 
effect on the phenylalanine concentrations in the plasma 
(Figure l8). 
Figure 19 presents a summary of the effect of time of 
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blood sampling and added amino acids on free amino acids in 
blood plasma. The solid line represents the addition of a 
particular amino acid to the rations and the broken line repre­
sents the amino acid pattern of pigs fed rations not supplement­
ed with the amino acid. On the abscissa of Figure 19 is pre­
sented the time blood samples were taken relative to the feed­
ing schedule. Blood samples were obtained from pigs allowed 
feed M libitum^ then fasted for 18 hours and sampled again 
(zero hour). These pigs were then fed for one hour and blood 
samples were taken at two hour intervals. After an l8 hour 
fast, the plasma levels of phenylalanine, valine or isoleucine 
were about the same, whether or not these amino acids were 
added to the rations. If threonine was added, the plasma 
levels did not drop as low as if no threonine was added to the 
rations. Phenylalanine concentrations in the plasma peaked 
at four hours after feeding with or without added phenylalanine. 
Methionine, which was added to all the rations, peaked in the 
blood plasma two hours after feeding. Threonine concentration 
in the plasma was still increasing at six hours after feeding 
whether or not this amino acid was added to the ration. Valine 
level in the plasma peaked at four hours after feeding if va­
line was added, and was still increasing at six hours if valine 
was not added. Isoleucine peaked at four hours upon the addi­
tion of isoleucine and was still increasing at six hours if no 
isoleucine was added to the ration. 
In general, the pigs allowed feed ^  libitum had a higher 
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level of plasma amino acids than the peak post-feeding values 
obtained after an l8 hour fast. 
Experiment 6445 - Methionine Levels for Baby Pigs 
Obj ective 
A ration containing 15 percent protein from soybean meal 
contains sufficient quantities of most of the essential amino 
acids to meet the pigs' predicted requirement. The use of 
the lower protein level, 15 percent rather than 20 or 25 per­
cent as used in previous experiments, should stress the amino 
acid limitation of the soybean protein. The purpose of this 
experiment was to study the effects of adding DL-methionine 
to a 15 percent protein ration on performance and free amino 
acids in the plasma. 
Experimental procedure 
Fifty-four pigs averaging 5.4 kilograms of body weight 
and 15 days of age were allotted to three replications of six 
experimental treatments. DL-methionine was added at 0.1, 0.2, 
0.3, 0.4 and 0.5 percent to the rations. Blood plasma amino 
acids were determined from each pen of pigs to give three rep­
lications of the experimental treatments. The composition of 
the experimental ration is presented in Table 5. 
Results and discussion 
Summaries of pig gains and feed required per unit of 
gain are presented in Table 33 and in Figure 20, With increas­
ing methionine levels there was a linear increase :n 
Figure 20. Experiment 6445 - Effect of added methionine on 
pig gain and feed per unit of gain 
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pig gains (7.6 to 9.2 kg.). However, the gains were somewhat 
erratic at the different levels of methionine. The addition 
of 0.3 percent DL-methionine resulted in the fastest pig gains 
(9.4 kg.). Pigs fed the rations supplemented with methionine 
also required less feed per unit of gain as compared to those 
pigs fed the basal ration. 
The effects of methionine supplementation on the total 
and 10 essential amino acids are presented in Figure 21. The 
addition of methionine resulted in a decrease in the total 
and essential amino acids in the plasma. Another drop in the 
total amino acids occurred at the 0.4 percent DL-methionine 
level, which was mainly due to a drop in alanine concentration 
in the plasma. The addition of 0.1 percent DL-methionine re­
sulted in the largest decrease in the 10 essential amino acids, 
then an increase in the plasma amino acids occurred with in­
creasing methionine levels. This increase was mainly due to 
the increasing methionine concentrations in the plasma. 
The effects of supplemental methionine on individual 
amino acids in the plasma are presented in Figures 22 and 23. 
As has been observed in previous experiments, the addition of 
methionine to the rations resulted in a large drop in the thre­
onine and lysine concentrations in the plasma. The largest 
drop in plasma threonine and lysine levels occurred when 0.1 
percent methionine was added, then the threonine and lysine 
levels varied somewhat with increasing methionine levels. 
Methionine levels increased linearly in the plasma up to 
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0.3 percent supplemental methionine, then remained constant 
at 0.4 percent methionine level. However, at 0.5 percent 
methionine there was a great increase in the methionine con­
centration in the plasma. Cystine levels in the plasma follow­
ed about the same pattern as methionine. 
With increasing methionine levels there were decreases in 
the concentrations of valine, histidine and leucine, while ar-
ginine and isoleucine levels fluctuated in the plasma. The 
addition of methionine had very little effect on the tryptophan, 
phenylalanine and tyrosine levels in the plasma. 
Experiment 6502 - Amino Acid Additions to Corn Gluten Meal 
Objective 
The assumption up to now has been that after correcting 
for the first-limiting amino acid of a dietary protein, the 
changes in the amino acid patterns in the plasma will reflect 
the next limiting amino acid. Corn gluten meal was used as 
the source of protein in this experiment as both lysine and 
tryptophan are known to be the first two limiting amino acids 
in this protein (Mitchell and Smuts, 1932; and Sure, 1953). 
Thus, the relative changes in tryptophan or lysine concentra­
tions in the plasma resulting from the addition of one or the 
other of these amino acids to com gluten protein should test 
the validity of the use of amino acid patterns of the plasma 
for estimating dietary amino acid deficiencies. 
Experimental procedure 
Thirty-two pigs averaging 4.9 kilograms of body weight 
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and 16 days of age were allotted to four replications of 
eight experimental treatments. The 4x2 factorial arrangement 
of treatments included four levels of L-lysine monohydrochlo-
ride (0.00, O.3O, 0.60 and O.9O percent) and two levels of 
DL-tryptophan (0.00 and O.I5 percent). The composition of the 
basal ration is presented in Table 5. Plasma from two pigs 
was combined to form one sample, thus giving two replications 
of plasma amino acids for each experimental treatment. 
Results and discussion 
Total gain and feed per unit of gain are presented in 
Table 36 and Figure 24. The addition of lysine to the rations 
resulted in a significant linear increase in pig gains (6.7 
to 18.2 kg.), while the addition of tryptophan significantly 
improved both pig gains (7.4 vs 19*7 kg.) and feed utilization 
(5.8 vs 3.0). There was also a significant lysine x tryptophan 
interaction on pig gains. The addition of lysine or tryptophan 
singly did not appreciably improve gains; however, if these 
two amino acids were added in combination there was a great 
increase in gains. These results further verify that both 
lysine and tryptophan are limiting in corn protein as was in­
dicated by McLaughlan (1964). The addition of O.3O percent 
lysine to the rations resulted in faster pig gains and more 
efficient utilization of feed as compared to those pigs fed 
the basal ration or the ration containing O.I5 percent added 
tryptophan. This would indicate that lysine is somewhat more 
limiting than tryptophan in corn gluten meal. 
Figure 24. Experiment 6502 - Effect of added lysine and 
tryptophan on pig gain and feed per unit of 
gain 
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In Tables 37 and 38 and Figures 25 and 26 are presented 
summaries of amino acid concentrations in blood plasma. The 
addition of O.3O percent lysine resulted in a decrease in the 
total and essential amino acids in the plasma, with an in­
crease in pig gains as compared to those pigs fed the basal 
ration. Similar results were obtained in Experiment 6403 in 
which the addition of the first-limiting amino acid of soybean 
meal, methionine, also resulted in a decrease in the total and 
essential amino acids in the plasma with an increase in growth 
rate. 
The addition of lysine caused a 36 percent decrease in 
the plasma concentration of tryptophan, the second-limiting 
amino acid of com gluten meal. However, added lysine had 
little effect on the tryptophan content of the plasma, if 
tryptophan was added to the ration. The addition of trypto­
phan increased the content of this amino acid in the ration 
to 0.25 percent, which is more than adequate to meet the pigs' 
predicted requirement of 0.I8 percent. This may explain why 
the tryptophan concentration in the plasma did not decrease 
on adding lysine. 
In the presence of supplemental tryptophan, the concen­
trations of lysine decreased in the plasma even if 0.30 or 0.60 
percent lysine was added, increasing the total lysine content 
of the ration to O.63 and O.87 percent, respectively. These 
levels of lysine are still below the predicted pigs' require­
ment of 1.10 percent. Therefore, the drop in the lysine 
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concentration in the plasma indicates that lysine may still 
be limiting for maximum growth, since the addition of 0,90 
percent lysine to the ration (increasing the total lysine 
level to 1,30 percent) resulted in the fastest pig gains and 
a correspondingly great increase of this amino acid in the 
plasma. 
If tryptophan was not added, the lysine concentrations 
increased in the plasma with increasing supplemental lysine 
levels up to 0.60 percent; however, at the 0,90 percent ly­
sine level there was a large decrease in the lysine concentra­
tion in the plasma. This drop may have resulted from a reduc­
tion in feed consumption by the pig, which occurred at this 
level of lysine. 
Experiment 65II - Threonine Levels for Baby Pigs 
Objective 
Berry et (I962), Clark (1963) and previous experiments 
reported herein have indicated that threonine may be the second-
limiting amino acid of soybean meal for the pig. However, the 
growth response to added threonine has not been consistent. 
In some experiments only one level of threonine was added, 
thus threonine could be in excess or below the pigs' require­
ment. The purpose of this experiment was to study the effects 
of DL-threonine levels on gains, feed required per unit of 
gain and free amino acids in the blood plasma of the pig. 
Experimental procedure 
Eighteen pigs averaging 4,9 kilograms of body weight and 
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15 days of age were allotted to three replications of six 
experimental treatments. The composition of the basal ration 
(supplemented with O.5O percent DL-methionine) is presented in 
Table 5. DL-threonine was added to the ration at levels of 
0.00, 0.05, 0.10, 0.15, 0.20 and 0.25 percent. Blood plasma 
amino acids were determined for each pig, thus giving three 
replications for each experimental treatment. 
Results and discussion 
Total gains and feed required per unit of gain are pre­
sented in Table 39 and Figure 27. There were no significant 
differences in pig gains or feed required per unit of gain be­
tween experimental treatments. Increasing the threonine levels 
resulted in varied growth response. The addition of threonine 
up to the 0.20 percent level resulted in a decrease in gains 
as compared to those pigs fed the basal ration. However, in­
creasing the threonine level to 0,25 percent resulted in the 
fastest pig gains with improved feed utilization, Kroening 
et al, (1965) also observed varying growth response if threo­
nine was added to the rations. 
The free amino acid concentrations in the blood plasma are 
presented in Tables 4o and 4l and summarized graphically in 
Figures 28, 29 and 30* The addition of threonine resulted in 
a general, but varied, increase in the essential and total 
amino acids in the plasma (Figure 28). The essential amino 
acids also fluctuated with increasing threonine levels up to 
Figure 27. Experiment 65II - Effect of added threonine on 
pig gain and feed per unit of gain 
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Figure 28. Experiment 65II - Effect of added threonine on 
total and essential amino acids in blood plasma 
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0.15 percent, and then increased linearly with increasing 
threonine supplementation. This increase in the essential 
amino acids in the plasma was mainly due to increased threo­
nine concentrations. 
Threonine in the plasma increased slightly until 0,15 
percent threonine was added, then increased sharply at 0.20 
or 0,25 percent added threonine (Figure 29). The methionine 
level in the plasma varied greatly with increasing threonine 
levels. The lysine level increased slightly with increasing 
threonine levels up to 0.20 percent, and then dropped sharply 
at 0o25 percent added threonine. 
The addition of threonine also resulted in a decrease in 
the plasma valine concentration, while tyrosine, phenylalanine, 
histidine, arginine, isoleucine and leucine levels fluctuated 
in the plasma. 
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GENERAL DISCUSSION 
Effect of Feeding Methods and Time of Blood Sampling on the 
Free Amino Acids in the Plasma 
The usual eating habit of a young pig allowed feed 
ad libitum occurs through short intervals of eating and resting. 
A young pig consumes only a small amount of feed at each of 
these eating periods. Therefore, the pig allowed feed libi­
tum tends to have a uniform rate of incorporation of amino 
acids into the blood stream due to the constant passage of 
food from the stomach to the small intestine and the continu­
ous release and absorption of amino acids from the dietary 
protein (Geiger e;t a2., 1952; Hightower, I962; and Orten, 
1963). A uniform rate of feed consumption by the pigs allowed 
feed ^  libitum is indicated by a high and rather constant 
level of free amino acids in the plasma over an eight hour 
period in which the blood samples were taken in Experiment 
6411, The average plasma amino acid concentrations of pigs 
allowed feed ^  libitum were essentially the same or higher 
than the peak post-feeding amino acid concentrations of pigs 
provided feed for one hour following an I8 hour fast (Experi­
ments 6411 and 644o), 
The amino acid concentrations peaked in the plasma at 
different times after the ingestion of soybean protein by the 
pig following an I8 hour fast. The amino acids in the plasma 
peaked after feeding as follows: two at eight hours; 12 at 
six hours; four at four hours; one at two hours; and two 
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were highest in concentration after the l8 hour fast (Experi­
ment 6411). Clark (I963) also observed that the majority of 
the amino acids in the plasma reached a maximum at six hours 
after the pig ingested soybean protein, while the plasma amino 
acids concentrations were highest at two hours following the 
ingestion of milk protein. The supplementation of the free 
forms of phenylalanine, isoleucine, valine and methionine to 
a ration containing soybean protein resulted in these amino 
acids peaking sooner in the plasma as compared with the time 
required for peak concentrations of the same plasma amino acids 
in pigs fed rations without the free amino acids added (Experi­
ment 6440). Also, after an I8 hour fast the plasma concentra­
tions of threonine, valine, phenylalanine or isoleucine were 
similar in pigs fed rations with or without these free amino 
acids added to the rations. This suggests that an I8 hour 
fast is sufficient time to approach the stable fasting state 
of the amino acids. However, longer periods of fasting would 
likely result in some decline or increase in the concentrations 
of the free amino acids in the plasma. 
The variation in the time required to obtain maximum amino 
acid concentrations in the plasma, after the ingestion of a 
protein, is probably due to: the quantity of amino acids in 
a ration; the different rate of amino acid release during 
digestion; the rate of amino acid absorption; and the amount 
of amino acids required by the animal for body processes 
(Denton and Elvehjem, 1954a; Goldberg and Guggenheim, I962; 
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and Clark, I963). Each of these factors would affect the 
concentration at any given sampling time. 
A problem of fasting, and then providing feed for a 
given period of time, is that the young pig will not rapidly 
consume a sizeable portion of feed. This is not such a prob­
lem with older pigs as they can be trained to eat rather large 
quantities of food in a relatively short period of time. If 
feed consumption is low the amino acids in the blood plasma 
may not reflect the amino acids in the dietary protein 
(Clark, 1963), due to the large amount of endogenous protein 
being secreted or excreted into the digestive tract (Nasset, 
1962). 
Allowing feed ^ libitum to pigs reduces the number of 
factors affecting the amino acid concentrations in the plasma 
as compared to those pigs allowed feed for one hour following 
an 18 hour fast, provided that they do eat frequently as appears 
to be the case. Therefore, the relatively high and constant 
level of free amino acids in blood plasma, which occurs in 
pigs allowed feed ^ libitum, should satisfactorily reflect 
the amino acid composition of a dietary protein. 
Relationship of Free Amino Acids in the Plasma to 
Dietary Corn Gluten Protein 
Hill et (1961) and Hill and Olsen (1963a) theorized 
that after correcting for a deficient amino acid, protein 
synthesis will continue until the next amino acid becomes 
limiting, which occurs with a simultaneous decrease of this 
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amino acid in the plasma. Lysine and tryptophan are known to 
be the first two limiting amino acids in corn gluten protein 
(Mitchell and Smuts, 1932). Many studies have confirmed that 
each of these are limiting and that it is necessary to add 
both to appreciably improve the biological value of corn 
gluten protein. Therefore, the concentration and interrela­
tionship of lysine and tryptophan in the plasma should provide 
information as to the adequacy of the plasma amino acid cri­
teria for predicting the limiting amino acids in a dietary 
protein. Such predictions are then confirmed by the rate of 
growth and efficiency of feed conversion of the animal. 
Pigs fed rations containing corn gluten protein had a 
very low concentration of lysine and tryptophan in the plasma, 
indicating that these amino acids are limiting in this protein. 
The addition of lysine resulted in a decrease in the trypto­
phan content in the plasma with some improvement in pig gains. 
This shows that lysine is a limiting amino acid of corn gluten 
protein and indicates, from the decrease in plasma tryptophan 
level, that tryptophan is also limiting (Experiment 6502), 
This was verified by the addition of tryptophan to a ration 
containing supplemental lysine which resulted in a significeint 
improvement in pig gains and feed utilization. 
If tryptophan was added to the ration, added lysine had 
little effect on the tryptophan concentration in the plasma. 
The addition of tryptophan increased the level of this amino 
acid in the ration to 0,25 percent, which is more than adequate 
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to meet the pigs' predicted requirement (O.I8 percent). 
The presence of O.25 percent tryptophan in the ration may re­
sult in an excess of this amino acid in the plasma to be uti­
lized for tissue synthesis or to be rapidly removed by cata-
bolic processes. This would account for the relative high 
and constant level of tryptophan in the plasma even if lysine 
was added to the ration containing corn gluten meal supplemented 
with tryptophan. 
If tryptophan was not added, the addition of lysine re­
sulted in a corresponding increase of lysine in the plasma, 
indicating that this amino acid was not being utilized for 
tissue synthesis as was shown by no improvement in pig gains. 
However, in the presence of supplemental tryptophan, the con­
centration of lysine decreased in the plasma even if 0,30 or 
0.60 percent lysine was added. The additions of O.3O or 0,60 
percent lysine to the ration (total of O.63 and O.87 percent 
lysine, respectively) are below the pigs' predicted requirement 
of 1,10 percent. The addition of O.90 percent lysine to the 
ration (total of 1.11 percent lysine) met the pigs' require­
ment for this amino acid. The drop in the lysine content in 
the plasma (at O.3O or 0.60 percent added lysine) indicates 
that lysine was still limiting for maximum growth. The addi­
tion of 0,90 percent lysine resulted in the fastest pig gains 
and a marked increase of this amino acid in the plasma, sug­
gesting that lysine was no longer limiting in the ration. 
These data support the theory that the amino acid 
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concentrations in the plasma provide a valid test for pre­
dicting the limiting amino acids in a dietary protein. Addi­
tional work involving more levels of tryptophan added to corn 
gluten protein is needed to study the effect of supplemental 
lysine on tryptophan and other amino acids in the plasma. 
These data (Experiment 6502) and others involving soybean pro­
tein illustrate the effectiveness of the plasma amino acids 
in detecting the first-limiting amino acid. However, the real 
potential of the plasma amino acids, as a test, depends upon 
their effectiveness to evaluate the order of limitation of each 
amino acid in a dietary protein. This study also illustrates 
the complexity of evaluating amino acid deficiencies. The 
addition of low levels of lysine to the control ration re­
sulted in a marked increase in plasma levels of lysine, where­
as, in the presence of added tryptophan more than 0.6 percent 
added lysine was needed before a marked increase in plasma 
lysine resulted. 
Effect of Methionine Additions to Soybean Protein 
on Pig Performajice 
Reports in literature on growth studies and the evaluation 
of the free amino acid composition of blood plasma show that 
methionine is the first-limiting amino acid in soybean protein. 
An improvement in pig gains and feed utilization occurred 
if DL-methionine was added to rations containing soybean meal 
at levels of 0.1 to 0.5 percent to rations containing I5 per­
cent protein, 0.2 or 0.4 percent to 20 percent protein rations. 
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and 0,1 or 0,2 percent to 25 percent protein rations (Experi­
ments 6308, 6328, 6403 and 6445). Similar results were obtained 
by Hays et (1959)j Berry et a2. (I962) and Kroening et al. 
(1965), The addition of methionine improves the amino acid 
balance of soybean protein and increases the amount of nitro­
gen retained by the pig (Hays et , 1959; Kroening et al,, 
1965; and Maner et al,, I96I) and improves pig gains and feed 
conversion. 
There was a reduction in pig gains if 0,5 percent methio­
nine was added to a 15 percent protein ration containing 0,32 
percent methionine and cystine or if 0,4 percent was added to 
a 20 percent protein ration containing 0,43 percent methionine 
and cystine as compared to the maximum gains which occurred if 
methionine was added at 0,3 or 0,2 percent, respectively. The 
addition of 0,4 percent methionine to a ration containing 25 
percent protein and 0,53 percent methionine and cystine re­
sulted in a depression in gains as compared to those pigs fed 
the basal ration. The addition of 0,4 or 0.5 percent methio­
nine caused an excess amount of the total sulfur-amino acid 
content of the rations (25, 20 or 15 percent protein) as com­
pared with the pigs' predicted methionine and cystine require­
ment of 0.64 percent of a ration containing 20 percent protein. 
Previous research has also demonstrated that the addition of 
excess methionine results in a decrease in rat gains (Sauber-
lich e;t aJ., I961) and pig gains (Becker et , 1955a). 
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Sauberlich ^  (I96I) observed a marked increase in the 
methionine levels in the plasma of rats fed an excess amount 
of methionine. These authors stated that the high level of 
methionine in the plasma indicates a difficulty in the meta­
bolism of this amino acid, thereby producing detrimental 
effects. 
These data show that the amino acid balance of soybean 
protein is improved by adding methionine in the correct amounts. 
However, if methionine is added in excess to a ration contain­
ing soybean meal a decrease in pig gains occurs. This illus­
trates that a limiting amino acid must be added in the correct 
amounts to a protein, deficient in that particular amino acid, 
in order to obtain an improvement in pig performance. These 
data suggest that combined levels of methionine and cystine 
above 0,8 percent are excessive and will result in growth 
depressions. 
The Relationship of Protein Digestibility to the 
Total Amino Acids in the Plasma 
An increase in the age of the pig (three to seven weeks) 
resulted in a significant increase in protein digestibility 
and a corresponding increase in the basic amino acids in the 
plasma (Experiment 6308). Lloyd et (1957) ajid Hays et al. 
(1959) also observed an increase in protein digestibility with 
increasing age of the pig. The poor utilization of soybean 
protein by pigs three to four weeks of age has been attributed 
to an inadequately developed digestive enzyme system 
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(Lewis et al., 1957). 
Increasing the protein levels in a ration should result 
in an increase in the total amount of protein digested by the 
pig, and therefore, a corresponding higher level of amino 
acids in the plasma. However, in Experiment 6403, pigs fed 
a 25 percent protein ration had a lower concentration of amino 
acids in the plasma as compared to the plasma amino acid 
levels of pigs fed a ration containing 20 percent protein. 
The lowered concentration of amino acids in the plasma may 
have resulted from the reduction in feed consumption and pro­
tein digestibility which occurred if pigs were fed a ration 
containing 25 percent protein. 
Effect of Amino Acid Supplementation to Soybean Protein 
on Performance and Free Amino Acids in the Plasma of the Pig 
The concentration of individual amino acids in the plasma 
depends upon the amount of these amino acids present in the 
dietary protein, the relative availability of the amino acids 
sind on the quantity of protein consumed (Puchal et ^., I962). 
Clark (1963) observed that pigs fed soybean meal had a low 
level of methionine in the plasma. Pigs fed rations contain­
ing soybean meal in Experiments 6328, 6403 and 6445 also had 
very low concentrations of methionine in the plasma. Increas­
ing the methionine level in the rations caused an increase in 
the methionine concentrations in the plasma with a decrease of 
the other amino acids in the plasma. This decrease in the 
plasma amino acids is interpreted as a more rapid removal of 
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amino acids from the blood stream resulting from the improve­
ment in the amino acid balance of soybean meal bringing about 
an increase in protein tissue synthesis by the pig. In most 
instances, the addition of methionine caused a decrease in the 
concentrations of threonine, valine, lysine, arginine, histi-
dine, isoleucine, leucine and phenylalanine in the plasma, 
while the concentration of tryptophan remained relatively 
constant. 
Experiments reported herein and work by Clark (I963) 
show that adding methionine to a ration containing soybean 
meal causes a greater decrease in the concentrations of threo­
nine, valine and lysine in the plasma than in the concentra­
tion of the other amino acids, suggesting that these are the 
next limiting in soybean protein. 
In one experiment conducted by Clark (I963) an increase 
in growth rate resulted from the addition of methionine, thre­
onine and valine, while in another there was a decrease in pig 
gains if these amino acids were added. In Experiment 6328 the 
addition of methionine, threonine and valine also resulted in 
a reduction in pig gains. The addition of threonine and valine 
caused a corresponding great increase of these airilno acids in 
the plasma. The other amino acids generally increased in the 
plasma indicating there was either an increase in the absorp­
tion of amino acids due to adding valine and threonine, or 
more likely, there was a reduction in protein tissue synthesis. 
This would indicate that valine and threonine were not limiting 
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growth or that these amino acids were not added in the correct 
combination or amounts. 
The addition of valine, isoleucine, threonine or phenyl­
alanine, singly or in combination, to a soybean meal ration 
(containing 0.2 percent DL-methionine) did not result in sig­
nificant improvement in pig gains (Experiment 644o). Valine 
addition to the rations resulted in a decrease in pig gains 
when compared to those pigs fed rations in which valine was 
not added, Kumta and Harper (I96O) noted that the addition 
of amino acids other than the most limiting one would result 
in a growth depression. This further indicates that valine is 
not the second-limiting in soybeazi protein. 
Poorest pig gains occurred if valine and phenylalanine or 
valine, isoleucine and threonine were added to rations con­
taining supplemental methionine (Experiment 6440), The addi­
tion of valine and phenylalanine may have caused an amino 
acid imbalance since Berry ^  al, (1962) reported that threo­
nine was the second-limiting amino acid of soybean protein. 
If threonine was added to this amino acid combination there 
was an increase in pig gains, indicating an improvement in 
amino acid balance. The addition of threonine to the rations, 
in general, resulted in the fastest pig gains, suggesting that 
threonine is the second-limiting amino acid of soybean protein. 
The poor pig gain which occurred if valine, isoleucine 
and threonine were added to a ration was improved somewhat by 
additions of phenylalanine. However, the four way interaction 
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was confounded in each replication of this experiment. The 
combination of threonine and phenylalanine resulted in the 
fastest pig gains, suggesting that phenylalanine is somewhat 
limiting in soybean protein. 
Experiments reported herein and work by Berry et al. 
(1962) and Clark (I963) indicate that threonine is the second-
limiting amino acid of soybean protein. Therefore, the addi­
tion of threonine to a ration containing soybean meal (with 
added methionine) should result in a decrease in the plasma 
concentration of the next limiting amino acid. Increasing the 
supplemental DL-threonine level in the ration up to 0.20 per­
cent resulted in a reduction in pig gains and feed utilization 
with a general, but varied, increase in the total or essential 
amino acids in the plasma (Experiment 65II). The lysine con­
centration increased in the plasma with increasing supplemental 
threonine levels in the ration up to 0.20 percent. However, 
at the 0,25 percent added threonine level there was a large 
drop in the lysine concentration in the plasma, and an increase 
in pig gains and feed utilization. This shows that threonine 
must be added in sufficient amounts to a ration containing 
soybean meal (with added methionine) before an improvement in 
pig gains occurs, and therefore, to use plasma amino acid lev­
els to predict the next limiting amino acid in soybean protein. 
If threonine was not added in sufficient amounts to meet the 
pigs' requirement there was an increase in the concentration 
of lysine in the plasma, indicating that lysine was not being 
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utilized for tissue synthesis. However, the addition of thre­
onine in an amount to meet the pigs' requirement for this amino 
acid resulted in a great decrease in the plasma lysine concen­
tration. 
The plasma data indicates that lysine is the next limit­
ing amino acid of soybean protein after methionine and threo­
nine. This is in agreement with the report by Berry £t al. 
(1962), in which these authors stated that the limiting atmino 
acids in soybean protein seemed to be methionine, threonine 
and lysine, in that order. There was also some improvement 
in pig gains if phenylalanine was added, indicating this amino 
acid is the fourth limiting amino acid in soybean protein; 
however, more research must be conducted to confirm or reject 
this observation. 
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SUMMARY 
Eight experiments were conducted using 238 pigs to study 
the effect of supplemental amino acids, protein source and 
level of protein on performance, protein digestibility and 
free amino acids in blood plasma. 
Methionine, the first-limiting amino acid in soybean 
meal, and lysine and tryptophan, the limiting amino acids in 
corn gluten meal, were corrected by amino acid supplementation 
as indicated by improved growth rate, feed utilization and in­
creased concentrations of these amino acids in the plasma. 
The addition of DL-methionine in excess, 0,40 percent, to a 
25 percent protein ration (containing soybean meal) caused a 
decrease in pig gains. 
Protein digestibility and total plasma amino acids con­
centrations decreased with increasing protein level (20 to 25 
percent) and increased with increasing age of the pig (three 
to seven weeks). 
The addition of methionine to a ration containing soy­
bean meal resulted in a marked decrease in threonine, lysine 
and valine in the plasma, indicating that these are the next 
limiting amino acids in soybean protein. 
Threonine, valine, phenylalanine and isoleucine added 
singly or in combination to rations containing 20 or 25 per­
cent protein did not significantly improve pig gains and in 
some cases caused a decrease in pig gains. However, the addi­
tion of DL-threonine (O.25 percent) to a ration containing 
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15 percent protein (supplemented with O.50 percent DL-methlo-
nlne) resulted In an Increase In pig gains and caused a de­
crease In the lysine concentration In the plasma. 
The growth and plasma amino acid data show that threonine 
Is the second-limiting amino acid of soybean protein. The 
plasma amino acid data Indicates that lysine Is also limiting 
in soybean protein while valine did not seem to be limiting. 
The average amino acid concentrations of pigs allowed 
feed ^  libitum were essentially the same or higher than the 
peak post-feeding amino acid concentrations of pigs provided 
feed for one hour following an I8 hour fast (blood samples 
taken at 0, 2, 4, 6 and 8 hours after feeding). Pigs allowed 
feed M libitum had a high concentration of plasma amino acids, 
which was relatively constant during the five periods the blood 
samples were taken. The peak concentration of 12 amino acids 
in the plasma occurred at six hours after the ingestion of 
soybean protein by the pigs following an I8 hour fast. 
Supplementation with the free forms of threonine, valine, 
Isoleucine, phenylalanine and methionine to rations containing 
soybean protein resulted in these amino acids peaking sooner 
in the plasma as compared with the time required for peak con­
centration in pigs fed rations without the free amino acids 
added. After an I8 hour fast the plasma concentrations of 
threonine, valine, isoleucine and phenylalanine were similar 
in pigs fed rations with or without these added amino acids. 
These data illustrate that the amino acid concentrations 
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in the plasma, of pigs provided feed ^  libitum, reflect the 
amino acid composition of a dietary protein. Also, the amino 
acids in the plasma can be used to predict the limiting amino 
acids of a dietary protein. 
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Table 3. Experiments 6308 and 6328 - Composition of 
experimental rations 
Experiment 
Ingredient 6308 6328 
Soybean meal (50$ protein) 40.00 50. 00 40. 00 50.00 
Lard, stabilized 2.00 2. 00 2. 00 2.00 
Sucrose 14.00 14. 00 15. 15 4.60 
Lactose 34.85 25. 05 •36. 00 36.00 
Wood flock 1.00 1. 00 1. 00 0.70 
Corn starch 4.00 4. 00 - - - -
Vitamin premix®" 1.00 1. 00 2. 00 2.00 
Calcium carbonate 0.50 0. 70 0. 70 0.90 
Dicalcium phosphate 1.70 1. 30 1. 35 1.00 
Iodized salt 0.50 0. 50 0. 60 0.60 
Chromic oxide 0.25 0. 25 - - - -
Amino acid carrier - - - - 1. 00 2.00 
Trace mineral mix^ 0.20 0. 20 0. 20- 0.20 
Total° 100.00 100. 00 100. 00 100.00 
^Composition given in Table 6, 
^Composition given in Table 10. 
Calculated analyses are given in Table 6, 
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Table 4, Experiments 6403 and. 6411 - Composition of 
experimental rations 
Experiment 
Ingredient 6403 6411 
Soybean meal (50# protein) 40.00 50. ,00 50, ,00 
Lard, stabilized 2.00 2, ,00 2. ,00 
Sucrose 14.00 14. ,00 14. ,00 
Lactose 25.00 25. 00 25. 00 
Dextrose 9.80 - - - -
Wood flock 1.00 1. 00 1. 00 
Com starch 4.00 4. 00 4. 00 
Vitamin premix^ 1.00 1. 00 1. 00 
Calcium carbonate 0.35 0. 50 0. 50 
Dicalcium phosphate 1.90 1. 55 1. 55 
Iodized salt 0.50 0. 50 0. 50 
Chromic oxide 0.25 0. 25 0. 25 
Trace mineral mix^ 0.20 0. 20 0. 20 
Total^ 100.00 100. 00 100. 00 
Composition given in Table 7. 
'Composition given in Table 10, 
'Calculated analyses are given in Table 7. 
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Table 5* Experiments 6440, 6445, 6502 and 651I - Composition 
of experimental rations 
Experiment 
Ingredient 6440 6445-.6511 6502 
Soybean meal (50# protein) 4o. 00 30. 00 - -
Com gluten meal (4l# protein) - - - - 00
 00 
Lard, stabilized 2. 00 2. 00 2. ,00 
Sucrose 14. 00 15. 00 12. 00 
Lactose 25. 00 25. 00 25. 00 
Dextrose 10. 05 18. 95 3. 12 
Wood flock 1. 00 1. 00 1. 00 
Com starch 4. 00 4. 00 4. 00 
Vitamin premix^ 1. 00 1. 00 1. 00 
Calcium carbonate 0. 35 0. 15 0. 20 
Dicalcium phosphate 1. 90 2. 20 2. 20 
Iodized salt 0. 50 0. 50 0. 50 
Trace mineral mix^ 0. 20 0. 20 0. 20 
Total^ 100. 00 100. 00 100. 00 
^Composition given in Table 8, 
^Composition given in Table 10. 
Calculated analyses are given in Table 8 
Table 6. Experiments 6308 and 6328 - Calculated analyses and amounts of vitamins 
and antibiotic added per kilogram of complete ration 
Experiment Experiment 
Constituent 6308 6328 
Protein, # 20. 00 25. 00 20. 00 25. 00 
Fat, % 2. 20 2. 25 2. 20 2. 25 
Fiber, % 2. 20 2. 50 2. 20 2. 50 
Calcium, % 0. 72 0. 72 0. 71 0. 72 
Phosphorus, % 0. 57 0. 56 0. 50 0. 50 
Vitamin: units/kg. Added Total Added Total Added Total Added Total 
Vitamin A, I.U. 6600 6600 6600 6600 6600 6600 6600 6600 
Vitamin D2, I.U, 1100 1100 1100 1100 1100 1100 1100 1100 
Riboflavin, mg. 11.00 12.06 11.00 12.32 11.00 12.06 9.90 11.22 
Pantothenic acid, mg. 17.60 22.88 17.60 24.88 16.72 22.00 15.40 22.00 
Niacin, mg. 57.64 66.00 57.64 67.98 57.64 66.00 55.55 66.00 
Choline, mg. — — 1144 mm mm 1430 mm mm 1144 1430 
Vitamin meg. 44.00 44.00 44.00 44.00 44.00 44.00 44.00 44.00 
Vitamin E, mg. 22.00 22.30 22.00 22.44 22.00 22.30 22.00 22.44 
Menadione (Vit. K), mg. 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
Thiamine, mg. 6,60 7.57 6,60 7.81 6.60 7.57 6.60 7.81 
Pyridoxine, mg. 1.10 5.41 1.10 6.49 1.10 5.41 wm «# 5.39 
Folic acid, meg. 990 1228 ^990 1287 862 1100 803 1100 
Biotin, meg. 6,60 6.73 6.60 6.76 6.60 6.73 6.60 6,76 
Chlortetraeyline, mg ./kg.110.00 110.00 110.00 110.00 110.00 110.00 110.00 110.00 
Table 7. Experiments 6403 and 6411 - Calculated analyses and amounts of vitamins 
and antibiotic added per kilogram of complete ration 
Experiment Experiment 
Constituent 6403 6411 
Protein, % 20 .00 25 .00 25 .00 
Fat, # 2 .20 2 .25 2 .25 
Fiber, % 2 .20 2 .50 2 .50 
Calcium, % 0 .72 0 .70 0 .70 
Phosphorus, % 0 .61 0 .61 0 .61 
Vitamin: units/kg. Added Total Added Total Added Total 
Vitamin A, I.U, 6600 6600 6600 6600 6600 6600 
Vitamin Dg, I.U. 1100 1100 1100 1100 1100 1100 
Riboflavin, mg. 11.00 12.06 10.78 12.10 10.74 12.06 
Pantothenic acid, mg. 17.60 22.88 17.60 24.88 17.60 24.88 
Niacin, mg. 57.64 66.00 55.55 66.00 55.55 66.00 
Choline, mg. — — 1144 1430 1430 
Vitamin meg. 44.00 44.00 44.00 44.00 44.00 44.00 
Vitamin E, mg. 22.00 22.30 22.00 22.44 22.00 22.44 
Menadione (Vit. K), mg. 1.21 1.21 1.21 1.21 1.21 1.21 
Thiamine, mg. 6.6o 7.57 6.6o 7.81 6.6o 7.81 
Pyridoxine, mg. 1.10 5.41 1.10 6.49 1.10 6.49 
Folic acid, meg. .990 1228 931 1228 931 1228 
Biotin, meg. 6.60 6.73 6.60 6.76 6.6o 6.76 
Chlortetracyline, mg./kg. 110.00 110.00 110.00 110.00 110.00 110.00 
Table 8. Experiments 6440, 6445, 6502 and 65II - Calculated analyses and amounts 
of vitamins and antibiotics added per kilogram of complete ration 
Experiment Experiment Experiment 
Constituent 6440 6443-6511 6502 
Protein, % 20 .00 15. 00 20 .00 
Fat, # 2 .20 2. 15 2.98 
Fiber, % 2 .20 1. 90 3 .93 
Calcium, % 0 .71 0. 72 0 .71 
Phosphorus, % 0 .61 0.61 0.60 
Vitamin: units/kg. Added Total Added Total Added Total 
Vitamin A, I.U, 6600 6600 6600 6600 6600 7973 
Vitamin Dg, I.U. 1100 1100 1100 1100 1100 1100 
Riboflavin, mg. 11.00 12.06 11.00 11.80 11.00 11.95 
Pantothenic acid, mg. 17.60 22.88 18.20 22.11 18.15 22.99 
Niacin, mg. 57.64 66.00 59.80 66.00 59.84 81.31 
Choline, mg. —• — 1144 2423- 1100®- 1078 1239 
Vitamin B12, meg. 44.00 44.00 44.00 44.00 44.00 44.00 
Vitamin E, mg. 22.00 22.31 22.00 22.22 22.00 22.00 
Menadione (Vit. K), mg. 1.21 1.21 1.21 1.21 1.21 1.21 
Thiamine, mg. 6.60 7.57 6.60 7.33 6.60 6.60 
Pyridoxine, mg. 1.10 5.41 2.20 5.43 2.20 2.20 
Folic acid, meg. 990 1228 p49 1056 1049 1049 
Biotin, meg. 6.60 6.73 6,60 6.68 6.60 6.60 
Chlortetracyline, mg./kg. 110.00 110.00 110.00 110.00 110.00 110.00 
Sulfamethazine, mg./kg. 110.00 110.00 110.00 110.00 110.00 110.00 
Penicillin, mg./kg. 55.00 55.00 55.00 55.00 55.00 55.00 
®^o additional choline was added to the rations in 6445. Total choline content was 
858 mg./kg. of complete ration. 
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Table 9, Composition of the pre-experimental ration 
Ingredient Percent of ration 
Yellow corn, ground 32. 10 
Dried skim milk 40. ,00 
Soybean meal (50^ protein) 16. 00 
Sucrose 5. ,00 
Lard, stabilized 2. 
0
 
LA 
Dried beet pulp 2. 50 
Calcium carbonate 0, 20 
Dicalcium phosphate 0. 
0
 
cn 
Iodized salt 0, .25 
Vitamin premix®" 1, .00 
Trace mineral mix^ 0. 15 
Total^ H
 
0
 
0
 
.00 
^-Vitamins and antibiotic added per kilogram of ration. 
Vit. A, 6600 I.U.; Vit. Do, 1100 I.U.; Riboflavin. 
4.40 mg.; Pantothenic acid, 8.80 mg.; Niacin, I9.D mg.; 
Choline, 22.00 mg.; Chlortetracyline, 110 mg.j Sulfa­
methazine, 110 mg.; and Penicillin, 55 mg. 
^Composition given in Table 10. 
^Calculated analysis as percent of ration: Protein, 24.2; 
Fat, 4.0; Calcium, 0.7I; and Phosphorus, 0.64. 
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Table 10, Composition of trace mineral mix 
Parts per million 
Percent of contributed to 
element in ration by 
Element premix 0.20# 
Manganese sulphate (25.4# Mn) 5.68 113.6 
Ferrous sulphate (20# Fe) 7.00 140,0 
Copper sulphate (25# Cu) 0.48 9.5 
Cobalt sulphate (33# Co) 0.17 " 3.3 
Zinc sulphate (36# Zn) 8.10 162.0 
Potassium sulphate (44,8# K) 0,75 15.0 
Calcium carbonate (39# Ca) 5.28 10.6 
Table 11. Experiment 6308 - Summary of free, basic amino acids (lysine, histidine 
and arginine) content of blood plasma 
Protein, % 20 20 25 25 
DL-methionlne, % 0.0 0.1 0.0 0.1 
20 
0.0 
20 
0.1 
25 
0.0 
25 
0.1 
Replication I 
II 
Replication I 
II 
Average 
Replication I 
II 
lysine 
7 Days on Diet 
^715 3.&2 2.27 5755" 
3.66 2.95 2.60 2.97 
Average 2.92 3.08 2.44 3.26 
2d Days on Diet 
4.6W 4.71 4.91 4.42 
2.22 4.43 6.23 2.92 
3.45 4.57 5.57 3.67 
Histidine 
TTC# 
1.74 
7 Days on Diet 
1.43 1.61 2.22 
2.25 1.52 1.57 
2.39 1.48 1.59 2.24 
20 Days on Diet 
2705 2757 3/77 2758" 
2.37 2.06 2.96 1.81 
2.22 2.26 3.36 2.24 
Arginine 
7 Days on Diet 
1.62 4.62 3.94 4.81 
2.31 3.36 3.24 2.46 
28 Days on Diet 
Average I.96 3.99 3.59 3.64 
H 
VÛ 
4.28 4.54 5.58 5.92 
4.33 2.54 4.96 3.48 
4.30 3.54 5.27 4.70 
a Amino acid concentration expressed as mg./lOO ml. 
l6o 
Table 12. Experiment 6328 - Summary of average total gain and 
feed required per unit of gain 
Protein, ^  25 25 25 25 25 20 
Supplemental 
Amino Acids 
DL—Met,y % — — 0.20 0.40 0.20 0.40 o.4o 
DL-Val.f % 0.38 0.38 
DL-Thr., % 0.32 0.32 
: 
Replication Avg, , Total Gain, kg. 
1 8.85 9.26 9.17 9.31 7.63 10.35 
2 ' 7.26 9.31 7.72 8.54 9.81 8.35 
10.22 13.08 10.26 10.90 9.81 13.48 
4 9.81 9.90 10.44 9.72 7.45 12.08 
5 9.12 12.76 9.76 10.17 11.76 11.12 
6 10.94 9.72 8.58 8.81 10.49 8.35 
Average 9.35 10.67 9.31 9.58 9.49 10.62 
Feed/Gain 
1 1.39 1.53 1.46 1.49 1.42 1.56 
2 1.68 1.61 1.45 1.74 1.50 1.83 
3 1.38 1.30 1.39 1.49 1.42 i.4o 
4 1.43 1.53 1.33 1.39 1.59 1.48 
5 1.51 1.40 1.42 1.30 1.37 1,49 
6 1.59 1.64 1.56 1.54 1.54 1.60 
Average 1.50 1.50 1.44 1.49 1.47 1.56 
Table 13. Experiment 6328 - Summary of free amino acids in blood plasma®' 
Protein, fo 25 25 
Amino acid Added, % 0.20 Met 
Replication 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Citrulline 
Proline 
Glycine 
Alanine 
Cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Ornithine 
Lysine 
Histidine 
Arginine 
1:83^ 
b 
5.45 
2.93 
5.40 
6.17 
6.30 
1.06 
4.67 
0.36 
3.64 
3.69 
3.58 
2.02 
III 
1.43 
5.18 
0.62 
4.61 
2,66 
4.35 
2.20 
5.04 
5.65 
5:10^ 
. -b 
1.01 
_ -b 
b 
3.28 
2.21 
3.02 
3.43 
1.50 1.32 1.70 0,76 
5.83 5.22 4.75 4,80 
3.41 3.04 2.70 2,23 
4.87 4.89 7.04 6,95 
2.25 2.49 1.66 1.81 
3.82 4.75 4.09 4.29 
8.45 6.76 7.38 6.83 
6.36 5.92 7.06 6,01. 
_ _b 1.06 0,79 
6.10 5.38 5.28 4^46 
0.92 0.76 1.36 2,27 
3.51 3.58 3.65 3.10 
2.65 3.17 3.36 2.72 
3.25 3.37 2.59 3L01 
1.83 2.02 1,40 3.00 
4.35 3.70 3.15 2.84 
4.24 3.78 2.99 2.70 
1.74 1.57 1.67 1.53 
4.74 4.94 5.74 3.44 
1,08 
2.52 
1.72 
4.06 
2.52 
2.20 
1:^ 2 
0.91 
2.70 
1.03 
1.75 
1.03 
2.14 
2.03 
0.98 
4.02 
1.18 
4.02 
2.22 
6.02 
2.00 
5.83 
0.85 
4.15 
1.55 
3.04 
2.51 
2.45 
1.81 
2.71 
2.57 
^Amino acid concentration expressed as mg./lOO ml. 
DAmino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table l4. Experiment 6328 - Summary of free amino acids in blood plasmas-
Protein, % 25 25 
Amino acids Added, ^ 0,40 Met 0,20 Met 
0.38 Val 
0.32 Thr 
Replication 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Citrulline 
Proline 
Glycine 
Alanine 
Cystine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Ornithine 
Lysine 
Histidine 
Arginine 
0.65 
til 
3.84 
1.32 
2.79 
5.32 
4.55, 
3.98 
2.55 
2.77 
2.91 
1.78 
3.31 
2.58 
1.30 
4.33 
_ _b 
4.35 
2.13 
5.71 
2.34 
5.26 
5.10 
7.62 
0.92 
5.90 
3.19 
4.17 
3.77 
3.59 
1.92 
2.98 
2.96 
1.21 
4.69 
0.84 
3.46 
2.36 
4.75 
1.98 
4.27 
6^33 
4:5^ 
4.34 
2.04 
2.98 
2.48 
« _b 
1.55 
3.79 
2.78 
0.95 
4.99 
0.74 _ 1.44 
3.86 b 7.06 
2.11 D 2.82 
4.77 6,03 6.08 
1.88 2.68 1.43 
4.11 3.90 4.09 
5.58 8.13 7.22 
5.56 6.40 5.31 
0.92 1.00 1.57 
4.74 11.92 8.58 
2.59 1.19 2.25 
3.31 4.15 3.27 
3.05 3.01 3.00 
3.59 3.02 2.85 
1.75 1.88 1.85 
3.36 3.47 2.77 
2.77 3.45 2.62 
1.15 1.79 1.31 
4.67 6.42 3.83 
1.44 
7.23 7.14 
2.13 2.48 
7.02 6.38 
1.98 2.03 
4.33 4.11 
6.86 7.40 
6.05 5.92 
0.80 1.12 
9.26 9.92 
0.94 1.46 
3.41 3.61 
2.69 2.90 
2.31 2.73 
_ _b 1.86 
3.33 3.19 
2.38 2.82 
1.25 1.45 
4.89 5.05 
^Amino acid concentration expressed as mg./lOO ml. 
"Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 15, Experiment 6328 - Summary of free amino acids in blood plasma^ 
Protein, ^ 
Amino acids Added, °/o 
25 , 
0,40 Met 
0.38 Val 
0.32 Thr 
20 
0.40 Met 
Replication Avg. Avg, 
Aspartic acid 0.79 
Threonine 7.39 
Serine 2,29 
Glutamic acid 4,83 
Citrulline 2,32 
Proline 4.73 
Glycine 6.87 
Alanine 5.47, 
Cystine b 
Valine 11.20' 
Methionine 2.68 
Isoleucine 3.56 
Leucine 2.83 
Tyrosine 1.96 
Phenylalanine 3.59 
Ornithine 3.35 
lysine 2.88 
Histidine 1.42 
Arginine 6,74 
8.48 
2.86 
7.46 
1.64 
5.62 
9.31 
8.99% 
11.14 
4.04 
3.91 
3.10 
2.64 
g .10 
.22 
1.93 
5.72 
7.63, 
4724 
2.28 
4.00 
6.63 
5.45 
1.30 
10.81 
4.02 
2.91 
3.17 
3.35 
1.32 
6.22 
b 
0.79 
7.83 
2.58 
5.51 
2.08 
4.78 
7.60 
6.64 
1.30 
11.05 
3.58 
3.69 
2.80 
2.50 
3.59 
3.21 
3.48 
1.56 
6.23 
_ _b 
3.14 
1.87 
6.36 
1.67 
4.30 
6.04 
5.98, 
3.92 
3.48 
3.22 
2.27^ 
1.68 
2.32 
1.71 
1.27^ 
_ _b 1.08^ 1.08 
4.57 b 3.86 
2.77 _ _b 2.32 
5.19 7.73, 6.43 
2.29 b 1.98 
5.17 4.78 4.75 
8.46 6.23 6.91 
8.80^ 7.01 7.26 
1.61 1.61 
5.14 4.04 4.37 
7.38 3.07 4.64 
4.14 3.07 3.48 
2.95 2.45 2.56 
3.96 2.34 3.15 
2.86 1.54 2.03 
3.31 2.75 2.79 
3.36 2.45 2.51 
1.74 0.98 1.33 
7.06 7.07 7.06 
^Amino acid concentration expressed as mg./lOO ml, 
°Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
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Table l6. Experiment 6403 - Summary of average total gain, 
feed required per unit of gain and apparent 
digestibility of protein 
Protein, % 
DL-Met «, ^ 
20 20 
0.20 
20 25 
o«4o —— 
25 
0.20 
25 
0.40 
Replication 
1 
2 
I 
\ 
Average 
Total Gain, kg. 
1 9.58 9.76 10.76 7.90 11.53 6.67 
2 8.26 10.85 10.30 8.81 9.94 8.22 
? 9.81 10.40 8.40 8.90 9.12 10.76 
4 5.63 9.22 7.17 6.99 9.85 7.90 
5 7.99 8.58 10.62 9.03 9.22 6.4o 
6 6.72 10.31 6.17 9.22 7.45 7.31 
Average 7.99 9.85 8.90 8.49 9.53 7.90 
Feed/Gain 
1 1.73 1.67 1.56 1,74 1.48 1.49 
2 2.08 1.62 1.65 1.72 1.55 1.75 
3 1.69 1.65 1.62 1.64 1.50 1.31 
4 1.88 1.49 1.50 1.45 1.46 1.55 
5 1.71 1.65 1.58 1.62 1.45 1.70 
6 1.82 1.57 1.90 1.70 1.58 1.48 
Average 1.82 1.61 1.64 1.64 1.50 1.55 
Protein Digestibility, (%) 
92.34 
80.87 
90.02 
79.57 
83.86 
87.34 
78.01 
80.01 
82.23 
80.18 
61.09 
84.02 
82.08 
83.33 88.86 
72.67 
82.53 
81.78 
71.89 
71.47 
77.73 
70.10 
74.01 
63.19 
48.00 
72.78 
84.32 
68.50 
71.78 
59.40 
76.19 
12.32 
60.94 
62.44 
63.51 
72.51 
85.67 77.59 83.54 71.40 67.46 61.32 
Table 17. Experiment 6403 - Summary of free amino acids in blood plasma®" 
Protein, % 
DL-methionine 
20 25 
Replication Avg. Avg. 
Aspartic acid 0 .47 0. 71 0 .29 
Threonine 5 .34 8. 10 4 .54 
Serine 3 .40 4. 23 3 .19 
Glutamic acid 2 .89 4. 82 2 .68 
Citrulline 2 .25 1. 99 1 .66 
Proline 4 .50 4. 65 3 .50 
Glycine 5 9. 35 4 .86 
Alanine 7 .48 8. 73 6 .10 
Cystine 0 .59 0. 76 0 .68 
Valine 5 .31 5. 51 5 .60 
Methionine 0 .38 0. 39 0 .28 
Isoleucine 3 .56 3. 53 3 .49 
Leucine 3 .40 3. 57 3 .21 
Tyrosine 3 .04 2. 75 2 .98 
Phenylalanine 1 .94 1. 74 1 .94 
Ornithine 3 .11 3. 14 2 .81 
Lysine 4 .56 4. 82 4 .34 
Histidine 1 .92 1. 54 1 .85 
Arginine 5 .18 6. 03 3 .94 
Tryptophan 1 .46 1. 37 1 .30 
0.49 
5.99 
3.61 
3.46 
1.97 
4.22 
tf 0.68 
•5.47 
0.35 
3.53 
3.39 
2.92 
1.87 
.02 
.57 
1.77 
5.05 
1.38 
I 
I 
0.43 
4.33 
2.87 
3.25 
1.99 
.10 
.81 
5.56 
0.52 
5-92 0.66 
3.22 
3.43 
3.62 
2.26 
2.22 
2.14 
1.60 
3.91 
1.62 
0.37 
4.65 
2.96 
3.00 
2.10 
3.43 
8.12 
5.30 
0.64 
4.84 
0.62 
3.16 
3.10 
2.77 
4.04 
1-83 
6.13 
1.58 
0.47 
2.70 
1.79 
4.22 
5.54 
5.70 
0.80 
5.99 
0.55 
3.63 
3.55 
3.26 
2.58 
3.26 
3.98 
1.98 
4.53 
1.42 
0.42 
4.79 
3.16 
2.98 
1.96 
5.52 
0.65 
5.29 
O061 
3.34 
3.36 
3.22 
2.42 
2.75 
3.39 
1.80 
4.86 
1.54 
^Amino acid concentration expressed as mg./lOO ml. 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table l8. Experiment 6403 - Summary of free amino acids in blood plasma®-
Protein, % 20 20 
DL-methionine, ^ 0.20 0.40 
Replication 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 0. 48 0. ,81 0. ,46 0. 58 0. 63 0. 55 0. 43 0. 54 
Threonine 4. l6 4. ,82 4. .57 4. 52 4. 56 3. 63 3. 76 3. 98 
Serine 2. 56 2. .70 2. 88 2. 71 2. 61 2. 77 2. 79 2. 72 
Glutamic acid 3. 63 3. 3. .93 3. 71 4. 17 3. 66 4. 02 3. 95 
Citrulline 1. 98 1. .38 1. .44 1. 60 1. 66 1. 45 1. 24 1. 45 
Proline 5. 00 3. ,46 4. .15 4. 20 3. 61 3. 49 3. 36 3. 49 
Glycine 5. 82 7. ,48 6, ,71 6. 67 6. 60 7. 67 6. 87 7. 05 
Alanine 10. 06 5. ,44 6, .05 7. 18 8. 24 5. 91 5. 70 6. 62 
Cystine 1. 10 0. ,99 0. 80 0. 96 1. 05 0. 66 1. 03 0. 91 
Valine 4. 80 4, 22 4. .58 4. 53 • 5. 07 4. 42 4. 10 4. 53 
Methionine 1. 31 1. ,41 1. 28 1. 33 3. 02 2. 01 1. 72 2. 25 
Isoleucine 3. 44 2, .75 3. ,04 3. 08 3. 76 2. 95 2. 56 3. 09 
Leucine 3. 08 2, .67 2. .91 2. 89 3. 18 2. 74 2. 61 2. 84 
Tyrosine 2. 71 2. ,27 2. 28 2. 42 2. 86 2. 00 2. 11 2. 32 
Phenylalanine 2. 00 1, 2. ,07 2. 00 2. 09 1. 74 2. 11 1. 98 
Ornithine 2. 79 1. ,98 2. .13 2. 30 3. 06 2. 47 1. 96 2. 50 
Lysine 2. 15 1. 80 2. .42 2. 12 2. 76 2. 17 2. 4:5 2. 46 
Histidine 1. 48 1. .14 1. .78 1. 47 1. 43 1. 14 1. 5"/ 1. 38 
Arginine 4. 72 4, .87 4, .11 4. 57 4. 23 5. 77 3. 22 4. 4l 
Tryptophan 1. 26 1, .56 1, .50 1. 44 1. 78 1. 45 1. 52 1. 58 
^Amino acid concentration expressed as mg./lOO ml. 
Table 19. Experiment 6403 - Summary of free amino acids in blood plasma®" 
Protein, % 25 25 
,40 DL-methionine, % 0.20 0. 
Replication 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 0.30 0.38 0.60 0.43 0.45 0.43 0.67 0.52 
Threonine 3.13 5.63 4.81 4.52 3.45 5.05 4.35 4.28 
Serine 2.10 2.97 2.64 2.57 1.91 2.31 2.09 2.10 
Glutamic acid 3.10 2.74 3.81 3.22 3.32 2.98 4.08 3.46 
Citrulline 1.14 0.88 2.23 1.42 1.62 1.87 1.85 1.78 
Proline 2.58 3.11 3.39 3.03 2.67 3.71 4.00 3.46 
Glycine 6.19 8.43 7.32 3.82 7.02 5.99 5.61 
Alanine 6.91 7.91 7.50 4.42 5.691 5.68 5.26 
Cystine 0.84 0.90 0.86 0.87 0.82 _ _D 1.10 0.96 
Valine 3.64 4.96 4.21 4.27 3.61 3.96 4.69 4.09 
Methionine 0.93 1.25 0.93 l.o4 0.89 2.68 1.33 
2.74 
1.63 
Isoleucine 2.53 3.27 2.84 2.88 2.14 2.52 2.47 
Leucine 2.52 3.22 2.59 2.78 2.39 2.58 2.35 2.44 
Tyrosine 1.71 2.66 2.10 2.16 1.93 2.57, 1.89 2.13 
Phenylalanine 1.29 1.94 1.89 1.71 1.80 _ 1.24 1.52 
Ornithine 1.42 2.90 2.43 2.25 1.30 2.22 2.44 1.99 
Lysine 1.43 3.77 4.05 3.08 1.18 2.15 3.18 2.17 
Histidine 1.44 1.37 1.81 1.54 1.34 1.24 1.56 1.38 
Arginine 2.75 7.03 4.10 4.63 2.65 5.76 4.16 4.19 
Tryptophan 1.40 1.42 1.28 1.37 1.30 1.75 1.52 1.52 
^Amino acid concentration expressed as mg./lOO ml. 
"Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 20. Experiment 64ll - Summary of free amino acids in blood plasma of pigs 
allowed feed ad libitum^-
Hours 
Replication 
0 
Avg. Avg. Avg. 
Taurine b 0.94 _b 
Aspartic acid 0.19 0.32 0. 28 
Threonine 5.89 8.03 6. 81 
Serine 3.36 4.21 3. 08 
Glutamic acid 1.09 1.19 2. 25 
Citrulline 1.72 1.69 1. 92 
Proline 2.94 3.32 3, 39 
Glycine 5.24 8.31 6. 59 
Alanine 5.22 7.29 4. 97 
Cystine 0.71 0.91 1. 02 
Valine 3.58 4.27 5. 
Methionine 0.30 _ _b 
Isoleucine 2.17 2.29 3. 07 
Leucine 2.01 2.02 3. 22 
Tyrosine 1.81 1.74 2. 53 
Phenylalanine 1.15 1.05 1. 51 
Ornithine 2.69 2.35 2. 85 
Lysine 3.36 3.23 5. 18 
Histidine 1.20 1.37 1. 48 
Arginine 3.86 2.28 5. 36 
Tryptophan 0.88 0.80 1. 41 
0.94 
0.26 
6.91 
3.55 
1.51 
1.78 
3.22 
6.71 
5.83 
0.88 
4.49 
0.30 
2.51 
2.42 
2.03 
1.24 
2.63 
3.92 
1.35 
3.83 
1.03 
0.75 
0.21 
4.98 
1.70 
1.17 
1.42 
2.64 
4.71 
5.32 0.66 
3.20 
0.27 
1.90 
1.76 
1.44 
1.02 
2.24 
2.96 
0.95 
3-2% 0.68 
0.77 
0.17 
6.40 
3.41 
1.04 
1.45 
l-M 
6.91 
0.46 
3.48 
0.28 
2.00 
1.91 
1.87 
1.14 
2.47 
3.34 
1.51 
2.50 
0.86 
0.78 0.77 1.20 
0.41 0,26 0.18 
6.84 6.07 4.78 
3.21 2.77 2.88 
2.17 1.46 1.17 
1.79 1.55 1,71 
3.57 2.36 
7.05 6.08 4.68 
4.98 5.74 4.78 
0.75 0.62 0.53 
5.83 4.17 3.66 
0.43 0.33 0.43 
3.32 2.41 2.33 
3.76 2.48 2.42 
2.77 2.03 2.02 
1.83 1.33 1.30 
3.07 2.59 2.49 
5.67 3.99 3.77 
1.67 1.38 1.42 
5.41 3.76 3.86 
1.40 0.98 1.26 
_ _b 
0.20 
6.79 
3.39 
1.05 
1.74 
3.64 
b.54 
7.04 
0.52 
3.51 
0.16 
2.05 
1.86 
1.98 
1.21 
2.25 
3.11 
1.38 
2.53 
0.80 
1.65 
2.97 
1.85 
1.98 
3.04 
7.33 
5.00 
0.79 
4.90 
0.31 
2.65 
2.74 
2.11 
1.43 
2.96 
4.61 
1.58 
4.20 
1.10 
1.42 
0.24 
6.02 
3.08 
1.36 
1.81 
3.01 
6.18 
5.61 
0.61 
4.02 
0.30 
2.34 
2.34 
2.04 
1.31 
2.57 
3.53 
1.05 
^Amino acid concentration expressed as mg./lOO ml. 
"Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 21. Experiment 6411 - Summary of free amino acids in blood plasma of pigs 
allowed feed libitum^ 
Hours 6 8 
Replication 1 2 3 Avg, 1 2 3 Avg. 
Taurine 0 .72 1, 20 . _b 0 .96 1. 49 _b 1. 36 1. 42 
Aspartic acid 0 .15 0, 11 . _b 0 .13 0. 24 0, 25 0. 44 0. 31 
Threonine 4 .41 5. 47 5. 93 5 .27 5. 16 4. 97 7. 45 5. 86 
Serine 2 .72 3. 20 2, 99 2 .97 3. 26 2, 94 4. 18 3. 46 
Glutamic acid 1 .09 1. 02 1, 68 1 .26 1. 26 1, 45 2, 50 1. 74 
Citrulline 1 .53 1. 28 1. 64 1 .48 1. 75 1. ,44 1. 79 1. 66 
Proline 2 .55 2, 00 3c 55 2 .70 2, 96 2, 77 3. 81 3. 18 
Glycine 4 .34 6, 35 7. 16 5 .95 4, 90 5. 08 7. 14 5. 71 
Alanine 3 .99 5. 57 4. 93 4 .97 5. 50 6, 30 5. 91 5. 90 
Cystine 0 .55 Oo 49 0, 67 0 .57 0. 6o 0, 45 0. 83 0. 63 
Valine 2 .95 3. 04 4, 73 3 .57 3. 56 2. 74 5. 45 3. 92 
Methionine 0 .22 0, 15 0, 32 0 .23 0, 22 0, 21 Oo 34 0. 26 
Isoleucine 1 .77 1. 85 2, 55 2 .06 2, 12 1. 70 3o 09 2. 30 
Leucine 1 .68 1. 6o 2o 66 1 .98 2, 18 1. 54 3. 34 2. 35 
Tyrosine 1 .54 1. 62 1, 74 1 .63 1. 77 1. 39 2, 71 1. 96 
Phenylalanine 1 ,o6 1. 03 1. 37 1 .15 1. 20 1. 01 1. 68 1. 30 
Ornithine 2 .42 1. 69 2. 66 2 .26 2, 72 1. 43 3. 19 2. 45 
Lysine 3 ,08 2. 55 5. 00 3 .54 3. 58 2, 60 5. 75 3. 98 
Histidine 0 .95 lo l6 1. 6o 1 ,24 1. 16 1. 16 1. 97 1. 43 
Arginine 3 ,41 lo 93 3. 52 2 .95 4. 31 1. 88 5. 56 3. 92 
Tryptophan 1 .02 0, 73 1. 17 0 .97 0, 90 0, 79 1. 37 1. 02 
^Amino acid concentration expressed as mg./lOO ml, 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 22. Experiment 64ll - Summary of free amino acids in blood plasma of pigs 
fasted for l8 hours®-
Hours 0 2 4 
Replication 12 3 Avg. 12 3 Avg. 12 3 Avg, 
Taurine 0 .77 0 .69 0.67 0, .71 0. 90 
Aspartic acid - 0 .04 0.11 0. 08 0. 11 
Threonine 2 .85 3 .53 3.12 3. 17 2. 64 
Serine 1 .91 2 .09 2.77 2. 26 1. 49 
Glutamic acid 1 .27 0 .81 1.34 1. ,14 1. 05 
Citrulline 1 .56 1 .22 1.22 1. .33 1. 89 
Proline - _b 2 .19 1.79 1, ,99 2. 07 
Glycine 7 .13 6 .53 5.46 6, .37 4. 24 
Alanine 3 .77 2 .69 4.05 3. 50 5. 62 
Cystine 0 .71 0 .62 0.49 0, 61 0. 55 
Valine 3 .04 2 .99 2.38 2. 80 2. 53 
Methionine — 0 .22 0.17 0. 20 0. 30 
Isoleucine 1 .66 1 .55 1.51 1. .57 1. 47 
Leucine 1 .54 1 .63 1.04 1. .40 1. 21 
Tyrosine - _b 0 .97 0,48 0. .72 1. 43 
Phenylalanine 0 .73 0 .84 0.63 0. .73 1. 30 
Ornithine 1 .76 1 .54 1.23 1. .51 1. 91 
Lysine 1 .90 1 .72 1.76 1. .79 2. 48 
Histidine 0 .91 .0 0.60 0, .74 1. 29 
Arginine 1 
'^7 1 .66 1.24 1, .62 2. 71 Tryptophan 0 .64 0 .73 0.49 0, .62 0. 91 
0.6J _ 
_ _b 0.79 OoXl 
4.20 3.58 3.47 
1.75 2.64 1.96 
0.90 1.26 1.07 
1.30 1.69 1.63 
1.94 2.53 2.18 
4.42 4.38 4.35 
5.30 6.12 5.&B 
0.54 0.45 0.38 
2.58 2.44 2.52 
0.22 0.14 0.22 
1.28 1.58 1.44 
1.20 1.20 1.20 
1.31 1.16 1.30 
1.08 0.98 1.12 
1.76 1.86 1.84 
2.25 3.04 2.59 
0.93 0.92 1.05 
2.30 3.06 2.69 
1.00 0.92 0.94 
1.14 
0.34 
3.78 
1.96 
1.46 
2.70 
3.04 
4.84 
5.68 
0.61 
3.73 
2.30 
2.22 
UÎ 
4.78 
1.22 
0.61 
0.20 
3.66 
2.39 
1.43 
2.11 
2.98 
4.02 
5.12 
o.4i 
3.33 
0.27 
2.39 
2.09 
1.82 
1.60 
2.41 
3.63 
1.17 
4.40 
1.30 
0.85 
0.29 
4.09 
2.17 
1.34 
1.64 
2.57 
4.50 
5.19 
0.51 
3.47 
0.29 
2.32 
2.09 
1.95 
1.71 
2.27 
3.16 
1.30 
4.06 
1.22 
^Amino acid concentration expressed as mg./lOO ml. 
"Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 23. Experiment 64ll - Summary of free amino acids in blood plasma of pigs 
fasted 18 hours^ 
Hours 6 8 
Replication 1 2 3 Avg. 1 2 3 Avg. 
Taurine 0 .96 0 .57 0 .83 0 .79 1, 32 _ _b 0 .86 1 .09 
Aspartic acid 0 .13 0 .17 0 .29 0, .20 0, 22 0 .19 0 ,20 0 .20 
Threonine 4 .19 4, .32 3 .90 4 .14 3. 38 3 .96 4 .07 3 .80 
Serine 2 .25 2 .19 3 .03 2 .49 2, 4o 2 .60 3 .18 2 .73 
Glutamic acid 1 .07 1 ,12 1 .27 1 .15 1, 16 1 .25 1 .19 1 .20 
Citrulline 2 .42 1 .36 2 .30 2 .03 2, 24 1 .27 1 .91 1 .81 
Proline 3 .20 2 .65 3 .49 3 .11 2. 60 2 .58 3 .41 2 .86 
Glycine .71 4 .79 4 .47 4 .99 5. 48 4 .79 4 .23 4 .83 
Alanine .86 4 .19 4 .56 4 .54 3. 80 3 ,60 4 .89 4 .10 
Cystine 0 .59 0 .54 0 .39 0 .51 0. 61 0 ,60 0 .30 0 .50 
Valine 3 .89 3 .44 3 .73 3 .68 3. 84 3 .42 3 .76 3 .67 
Methionine 0 .33 0 .32 0 .26 0 .30 0. 30 0 .30 0 ,20 0 .27 
Isoleucine 2 .72 2 .28 2 .77 2 .59 2. 57 2 .19 2 .56 2 .44 
Leucine 2 .35 2 .40 2 .41 2 .39 lo 99 2 .28 2 .30 2 .19 
Tyrosine 2 .31 2 .15 1 .95 2 .14 1. 94 2 .29 1 .54 1 .92 
Phenylalanine 1 ,86 1 .62 1 .58 1 .69 1. 48 1 .48 1 .28 1 .41 
Ornithine 2 .85 1 .80 2 .95 2 .53 2. 87 1 .80 2 .14 2 .27 
Lysine 4 .08 3 .00 3 .79 3 ,62 2. 84 2 .61 3 .25 2 .90 
Histidine 1 .58 0 .98 1 1 .22 1. 18 0 .88 0 .96 1 ,01 
Arginine 5 .49 3 .25 b 4 .37 3. 93 2 .87 3 .96 3 .59 
Tryptophan 1 .36 1 .29 1 .30 1 .32 0. 96 1 .15 1 .12 1 .08 
^Amino acid concentration expressed as mg./lOO ml, 
°Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 24. Experiment 644o - Summary of average total gain and feed required per 
unit of gain 
Average Total Gain, kg. Peed/Gain 
Replication Replication 
Rations 1 2 Avg. 1 2 Avg. 
Basal (0.2^ DL-Met.) 5.77 10.12 7.94 2.11 1.68 1.90 
0,2.0% DL-Valine 8.17 9.31 8.47 1.74 1.61 1.68 
0.l8# L-Isoleucine (with D-Alloiso) 9.22 10.53 9.88 1.52 1.70 1.61 
0.18% DL-Threonine 13.12 7.04 10.08 1.53 2.30 1.91 
0.155^ DL-Phenylalanine 9.26 6.27 7.76 1.69 1.82 1.76 
Val. and Iso. 11.58 9.03 10.30 1.76 1.69 1.72 
Val. and Thr. 13.53 6.54 10.04 1.68 1.62 1.65 
Val. and Phe. 9.26 4.54 6.90 1.59 2.19 1.89 
Iso. and Thr. 13.17 5.18 9.18 1.72 2.20 1.96 
Iso. and Phe. 12.48 8.15 10.42 1.70 1.70 1.70 
Thr. and Phe. 12.53 8.85 10.69 1.67 1.65 I066 
Val., Iso. and Tlir. 8.94 3.63 6.28 1.67 2.45 2.06 
Val., Iso. and Phe. 7.58 10.44 9.01 1.92 1.74 1.83 
Val., Thr. and Phe. 11.03 7.49 9.26 1.50 1.75 1.62 
Iso., Thr. and Phe. 8.99 8.99 8.99 1.63 1.67 1.65 
Val., Iso., Thr. and Phe. 12.03 
1 
8.54 10.26 1.74 1.76 1.75 
Table 25, Experiment 6440 - Summary of free amino acids in blood plasma^  
Amino acids 
Added Basal 0.20# PL-Val 
Timej Hours M Lib 0 2 4 6 ^ Lib 0 2 4 6 
Aspartic acid 0.32 O.O8 0.l4 0.2? 0.34 
Threonine 2.88 I.9I 1.74 2.12 2.69 
Serine 2.51 2.22 1.44 1,55 2.33 
Glutamic acid 3.57 1.43 2.10 2.18 2.58 
Citrulline I.30 0.93 1.34 1.47 1.55 
Proline 3.35 I.81 2.52 2.44 3.27 
Glycine 6.84 5.30 3.62 4.01 5.31 
Alanine 5.85 I.87 4.15 3.12 4.07 
Cystine 1.11 0.84 I.15 0.97 I.I6 
Valine 3.91 3.08 2.06 2.54 3.3 
Methionine 1.62 - -d _ -b _ _d 0.7 
Isoleucine 2.64 1.72 1.12 1.88 2.61 
Leucine 2.06 1.97 0.97 I.60 2.52 
Tyrosine 1.46 O.50 0.94 1.21 I.72 
Phenylalanine I.60 1.21 I.30 1.79 1.96 
Ornithine 2.00 0.64 0.94 I.31 I.97 
Lysine 3.23 2.27 2.53 2.89 3.55 
Histidine 1.44 1.00 1.04 I.09 1.34 
Arginine 3.87 1.62 2.89 4.12 4.83 
0.28 0.12 0.17 0.32 0.19 
4.34 2.47 2.82 3.66 3.54 
2.90 2,07 1.60 2.08 2.37 
4.20 1.51 1.44 1.68 1.54 
1.66 1.23 1.30 1.96 1.81 
4.06 1.68 1.28 2.26 2.54 
9.15 6.08 4.16 5.11 6.25 
9.87 2.55 4.57 3.45 4.04 
0.92 0.65 0.59 0.64 0.54 
8.09 4.33 4.46 5.28 4.34 
1.75 0.48 1.33 1.02 0.69 
3.53 2.24 1.54 2.68 2.35 
2.83 2.86 1.39 2.46 2.21 
2.42 1.14 1.71 2.35 1.75 
2.02 1.72 1.69 2.40 1.97 
2.72 1.19 1.41 2.50 2.23 
3.11 2.95 3.68 4.99 3.58 
2.01 1.31 1.39 1.53 l.4o 
3.96 1.64 3.10 5.71 3.98 
^Amino acid concentration expressed as mg./lOO ml. 
bAmino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties, 
0^.2 percent DL-methionine was added to all rations. 
Table 26. Experiment 6440 - Summary of tree amino acids in blood plasma^  
Amino acids 
Added 0.18# L-Iso O.I8# DL-Thr 
Time, Hours M Lib 0 2 4 6 M Lib 0 2 4 6 
Aspartic acid 0. 36 0 .25 0 .22 0. 23 0. 12 0. 05 0. 19 0 .31 
Threonine 4. 20 2. 43 2 .76 4 .34 3 .29 7. 42 3. 38 3. 97 4. 38 4 .73 
Serine 3. 14 1. 99 1 .88 2 .20 2 .49 3. 35 1. 72 1. 46 1. 77 2 .78 
Glutamic acid 2. 98 1. 23 1 .79 2 .15 1 .57 2. 28 1. 30 1. 25 1. 30 1 .52 
Citrulline 2. 29 1. 39 1 .61 2 .36 2 .64 1. 38 0. 80 0. 94 1. 20 1 .14 
Proline 4. 80 2. 45 2 .20 2 .43 3 .59 3. 91 1. 83 1. 65 2. 62 2 .42 
Glycine 7. 30 5. 04 3 .83 4 .67 5 .81 8. 07 6. 26 4. 47 5. o4 6 .59 
Alanine 9. 01 2. 31 4 .80 3 .76 3 .59 6. 4o 2. 60 3. % 3. 67 4 .11 
Cystine 0. 81 0. 66 0 .70 0 .52 0 .98 0. 80 0. 92 0. 43 0. 67 0 .76 
Valine 4. 53 3. 42 2 .27 3 .18 3 .84 4. 21 3. 05 1. 82 2. 59 3 .06 
Methionine 1. 49 0. 41 1 .51 1 .30 1 .01 1. 38 0. 47 1. 37 0. 79 0 .65 
Isoleucine 4. 39 2. 01 2 .38 3 .29 3 .26 2. 82 1. 61 1. 03 1. 81 2 .21 
Leucine 2. 94 2. 06 1 .14 2 .27 2 .52 2. 75 2. 00 0. 80 1. 65 2 .19 
Tyrosine 2. 92 1. 04 1 .86 2 .62 2 .50 3. 00 1. 32 1. 38 1. 96 2 .04 
Phenylalanine 2. 30 1. 59 1 .65 2 .63 2 .18 2. 20 1. 64 1. 46 2. 01 1 .98 
Ornithine 2. 81 0. 99 1 .44 2 .47 3 .64 1. 82 0. 66 0. 99 1. 12 2 .lOl 
Lysine 2. 75 2. 3 .13 4 .50 4 .87 2. 14 2. 62 2. 56 3. 10 3 .43 
Histidine 1. 70 0. 88 1 .03 1 .61 1 1. 55 1. ,22 1. 37 1. 39 1 .63 
Arginine 5. 01 1. 48 3 .61 5 .93 6 .68 3. 24 1. 70 1. 95 3. 26 3 .46 
^Amino acid concentration expressed as mg./lOO ml, 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
with D-Alloisoleucine. 
Table 27, Experiment 644o - Summary of free amino acids in blood plasma^  
Amino acids 
Added 0.15# DL-Phe Val and ISO 
Time, Hours Ad Lib 0 2 4 6 Ad Lib 0 2 4 6 
Aspartic acid b 0.15 b 0.28 0.37 0.38 0.17 0.33 0.50 0.27 
Threonine 2.72 3.20 3.69 3.04 4.19 4.77 2.70 3.38 3.70 4.32 
Serine 2.12 2.27 l.9g 1.54 2.42 3.11 1.64 1.68 2.16 2.44 
Glutamic acid 4.02 1.65 2.02 2.58 3.65 1.70 2.26 2.06 2.59 
Citrulline 1.20 1.33 1.05 1.34 1.55 1.59 0.90 1.43 1.56 1.90 
Proline 3.47 2.67 2.20 2.90 4.35 3.91 2.03 2.69' 2.35 3.93 
Glycine 7.12 6.48 4.41 4.22 5.68 7.19 4.79 3.59 4.28 5.11 
Alanine 8.26 2.50 4.79 4.3g 4.89 7.1{^ 2.1g 
2" 5 
3.66 
Cystine 1.35 0.98 0.45 1.48 b b 
Valine 4.05 5.78 2.92 2.95 4.10 7.77 4.07 5.02 5.19 4.95 
Methionine — —D — — 1.40 1.76 1.73 1.35 0.55 1.64 1.37 0.87 
Isoleucine 2.63 2.91 1.30 .1.73 2.90 4.93 2.19 2.22 2.86 3.07 
Leucine 2.56 3.74 1.05 1.56 3.06 3.09 2.66 1.44 2.25 2.45 
Tyrosine 2,19 1.27 1.41 1.77 2.63 2.87 1.20 2.00 2.75 2.51 
Phenylalanine 2.36 1.72 2.17 2.56 2.46 1.76 1.47 1.76 2.29 1.98 
Ornithine 1.29 1.17 1.09 1.35 1.97 2.46 0.88 1.45 2.10 2.35 
Lysine 1.74 3.56 3.11 3.40 4.75 2.56 3.00 3.90 5.26 4.93 
Histidine 1.64 1.40 1.36 1.45 1.65 1.34 0.93 1.32 1.59 1.37 
Arginine 2.4o 2.19 2.39 3.46 5.33 4.24 1.65 2.72 5.29 5.30 
^Amino acid concentration expressed as mg./lOO ml. 
DAmino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 28. Experiment 6440 - Summary of free amino acids in blood plasma^  
Amino acids 
Added Val and Thr Val and Phe 
Time, Hours M Lib 0 2 4 6 M Lib 0 2 4 6 
Aspartic acid 0 ,66 0, 26 0, 44 0 .49 0 .52 0, 52 0 ,21 0 .18 0, 26 0 .29 
Threonine 7 .33 3. 02 5. 04 5 .45 5 .93 3. % 2 ,o6 1 ,8o 2, 28 2 .70 Serine 2 •53 2, 12 1, 75 2 .13 3 .34 2, 68 1 .75 1 .19 1, 47 2 .15 
Glutamic acid 6 .53 2, 89 3. 55 3 .27 3 .60 6, 20 2 ,41 2 .71 2, 65 3 .11 
Citrulline 1 .33 1, 31 1, 44 1 .98 2 .29 1, 47 1 .12 1 .20 1, 32 1 .70 
Proline 3 .91 1, 73 j # 10 3 ,10 4 .25 3, 99 2 .13 2 .35 2, 30 3 .36 
Glycine 6 .64 5. 54 4. 11 4 ,42 5 .48 8, 32 5 ,06 3 ,21 3. 60 4 .80 
Alanine 8 .74 2, 4^ 5. 40 4 ,07 4 .91 7. 65 2 ,o6 3 .48 2. 91 3 .60 
Cystine - _b 0, 74 - 0 .54 1 .01 0, 50 0 .57 0 .43 0, 44 0 ,66 
Valine 5 .66 3. 4, 88 5 .55 5 .29 7. 64 4 .57 4 ,26 4, 74 4 .60 
Methionine 2 .16 — _b 2, 25 1 .15 0 .70 0, 92 0 ,24 1 ,10 0, 80 0 .60 
Isoleucine 2 .96 1. 95 1, 45 2 ,80 3 ,44 3. 13 2 .15 1 ,l6 2, 06 2 .48 
Leucine 2 .45 2, 20 1, 17 2 .84 3 .49 2, 84 2 .82 0 .99 1. 97 2 .36 
Tyrosine 2 ,6l 0, 98 1, 50 2 .48 2 ,61 2. 14 1 .03 1 .36 1, 94 2 .23 
Phenylalanine 2 ,02 1, 27 1, 52 2 .30 2 ,10 2, 54 1 .45 2 .37 2. 66 2 .18 
Ornithine 1 .53 0, 92 1, 55 1 .91 2 .27 1, 98 0 ,81 0 .76 1. 25 1 .87 
Lysine 3 .51 2, 53 3. 25 5 .27 4 .91 3. 79 2 .71 2 .71 3. 12 3 .71 
Histidine 1 ,86 1, 03 1, l4 1 .37 1 .52 1, 30 1 ,22 1 ,22 1. 4o 1 .58 
Arginine 4 ,42 1, 97 4, 02 5 .39 6 .19 1. 81 1 ,66 1 .69 3. 26 4 .26 
^Amino acid concentration expressed as mg./lOO ml, 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 29, Experiment 6440 - Summary of free amino acids in blood plasma®" 
Amino acids 
Added Iso and Thr Iso and Phe 
Time, Hours M Lib 0 2 4 6 M Lib 0 2 4 6 
Aspartic acid 0.52 0.27 0.55 
Threonine 6.36 2,68 4,92 
Serine 2.99 2,14 2.42 
Glutamic acid 4,55 2.16 2.89 
Citrulline 2.41 1.50 1.72 
Proline 4,56 2.48 2„51 
Glycine 5.87 4,30 3.72 
Alanine 5.57 2.00 4.46 
Cystine 0.60 0.95 1.13 
Valine 4.40 3.19 2.93 
Methionine 1.11 D 1.70 
Isoleucine 3.73 2.00 2.52 
Leucine 3.07 2.25 1.69 
Tyrosine 2.47 1,01 1.92 
Phenylalanine 1.90 1.27 1.93 
Ornithine 2.16 0.90 1,62 
Lysine 3.47 2.18 3.64 
Histidine 1.32 1.00 1,27 
Arginine 3.53 1.65 3.92 
0.43 
5.52 
2.36 
2.71 
2.57 
3.17 
4.33 
3.11 
1.30 
3.87 
1.33 
3.54 
2.85 
2.45 
2.37 
2.50 
6.05 
0.59 
4.35 
2.92 
2.73 
2.15 
2.57 
4.62 
3.07 
0.76 
0.86 
2.57 
2.21 
1.83 
1.68 
2.28 
3.71 
1.22 
4.26 
0.55 
3.89 
2.62 
4.18 
1.45 
3.77 
7.20 
7.76 b 
3.83 
1.45 
3.48 
2.66 
2.46 
2.18 
1.47 
2.65 
1.23 
2.4# 
0.25 
2.45 
1.77 
2.07 
1.34 
2.16 
5.24 
2.15 
0.72 
3.6§ 
2.21 
2.50 
1.25 
1.28 
0.91 
2.70 
1.11 
1.89 
1.45 
2.53 
1.43 
2.54 
4.00 
4.20 
0.86 
2.58 
1.33 
1.91 
1.02 
1.52 
2.16 
0.96 
3.05 
1.10 
2.30 
0.34 
2.89 
1.75 
2.31 
3.91 
2.85 
0.75 
2.97 
0.84 
2.76 
2.42 
2.20 
2.51 
1.31 
4.14 
1.13 
3.42 
0.29 
3.25 
2.20 
2.81 
2.00 
3.23 
5.20 
3.03 
0.82 
3.48 
0.71 
2.58 
2.32 
2.11 
1.92 
1.90 
4.05 
1.26 
4.65 
^Amino acid concentration expressed as mg./lOO ml. 
bAmino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 30, Experiment 6440 - Summary of free amino acids in blood plasma^  
Amino acids 
Added Thr and Phe Val, ISO and Thr 
Time, Hours M Lib 0 M Lib 0 2 4 6 
0.24 0.11 0.12 _ _b 0.58 
6.14 2.92 3.81 4.60 5.41 
3.08 2.08 1.61 1.89 2.54 
2.75 1.47 1.75 1.73 b 
1.87 0.97 1.22 1.56 b 
2.68 1.94 1.91 2.25 2.99 
7.66 5.92 3.88 4.47 5.50 
5.98 2.46 4.55 3.3§ 3.64 
0.72 0.77 0.51 0.64 
7.03 4,81 4.50 5.20 4.87 
1.47 0.47 1.49 1.22 0.83 
3.97 2.48 2.04 2.90 2.98 
2.71 2.86 1.04 2.15 2.37 
2.20 0.91 1.30 2.06 2.03 
1.91 _ _b 1.41 2.14 1.93 
1.96 0.70 1.13 2.09 2.51 
3.02 2.73 3.24 4.66 3.97 
1.54 1.29 1.45 1.51 1.61 
3.57 1.76 2.68 5.08 4.68 
Aspartic acid 0.48 0.44 0.22 0.28 0.37 
Threonine 7.65 3.40 2.92 4.02 5.37 
Serine 2.94 I.63 1.00 3.I3 2.21 
Glutamic acid 3.77 2.12 2.10 3.21 2.85 
Citrulline I.78 1.25 0.l4 1.35 2.12 
Proline 4.28 1.86 3.62 4.19 4.03 
Glycine 7.99 5.02 3.4o 7.39 5.03 
Alanine 6.80 1.79 3.63 9.48 2.98 
Cystine I.16 O.95 1.06 b 1.20 
Valine 3.68 4.30 2.80 3.50 3.35 
Methionine I.30 0.45 2.l8 2.44 0.88 
Isoleucine 3.II 2.42 1.4l 2.63 2.45 
Leucine 2.36 2.94 1.27 2.07 2.22 
Tyrosine 3.02 1.25 2.26 2.17 2.54 
Phenylaleinine 2.25 I.30 2.53 1.76 I.98 
Ornithine I.08 1.00 1.46 2.03 2.66 
r^ysine I.92 2.73 3.22 2.11 4.02 
Histidine I.3I 1.15 I.36 1.62 1.66 
Arginine 4.71 2.03 3.05 2.99 5.77 
^Amino acid concentration expressed as mg./lOO ml, 
"Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 3I. Experiment 6440 - Simmary of free amino acids in blood plasma^  
Amino acids 
Added Val, Iso and Phe Val, Thr and Phe 
Time, Hours Ad Lib 0 2 4 6 M Lib 0 2 4 6 
Aspartic acid 0.39 0.15 0.19 0.25 0.21 0.47 0.18 0.20 0.36 0.14 
Threonine 4.30 2.58 2.88 3.68 2.77 8.52 3.17 4.61 5.21 4.91 
Serine 3.04 2.10 1.55 2.02 2.05 3.51 1.89 1.67 b 1.86 
Glutamic acid 2.74 1.47 1.55 1.57 1.20 3.04 1.58 2.18 _ _b 1.87 
Citrulline 1.97 1.70 1.65 2.15 1.72 1.52 1.00 1.11 1.18 1.40 
Proline 4.13 2.52 2.94 2.91 2.54 4.30 1.95 2.93 2.38 2.94 
Glycine 6.77 5.99 3.66 4.70 5.20 8.93 5.73 4.12 4.18 5.02 
Alanine 7.14 1.99 4.12 2.83 2.55 8.41 2.50 5.14 4.12 3.16 
Cystine 0.62 0.70 — 0.71 1.03 0.86 0.77 0.70 0.73 1.04 
Valine 7.62 3.7g 4.77 5.08 4.06 8.06 3.38 4.74 5.09 4.4o 
Methionine 1.75 1.69 1.22 0.70 1.42 0.53 1.64 1,20 0.84 
Isoleucine 4.36 2.11 2,28 3.17 2.58 3.69 2.11 1.48 2.31 2.35 
Leucine 1.77 2.22 0.94 2.18 1.75 3.08 2.29 1.19 1.92 2.05 
Tyrosine 2.47 0.94 2.71 2.67 1.80 3.58 1.04 
1-3 
2.54 2.48 
Phenylalanine 2.81 1.41 2.91 3.11 1.95 2.68 1.46 2.53 2.05 
Ornithine 2.86 1.05 1.29 2.22 2.16 2.40 0.90 1.23 1.70 2.32 
I^ysine 2.16 2.21 2.66 3.84 2.69 3.24 2.59 3.39 3.86 3.72 
Histidine 1.16 0.75 0.95 0.90 1.74 1.30 1.35 1.72 1.41 
Arginine 5.20 2.16 3.54 6.68 4.16 3.39 1.51 4.07 4.51 6.22 
^Amino acid concentration expressed as mg./lOO ml. 
DAmino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 32. Experiment 6440 - Summary of free amino acids in blood plasma®" 
Amino acids 
Added Isoj Thr and Phe Valj IsOj Thr and Phe 
Time, Hours Ad Lib 0 Ad Lib 0 
Aspartic acid 0 .38 0 .20 0 .20 0. 17 0. ,24 0 .44 — 
Threonine 8 ,06 3 .89 4 .54 5. ,42 5. 17 6 .30 2. 94 
Serine 3 .14 2 .19 1 .62 1. 90 2. 22 2 .15 1. 80 
Glutamic acid 3 .17 1 .33 1 .51 1. 32 1. 39 4 .58 2. 37 
Citrulline 1 .70 1 .52 1 .30 1. 74 1. 99 1 .27 0. 95 
Proline 4 .63 2 .79 3 .03 2. 97 3. 21 3 .07 lo 77 
Glycine 8 5 .56 3 .79 4. 40 5. 17 5 .63 5. 12 
Alanine 6 .66 2 .08 3 .77 3. 08 2. 89 6 .38 2. 06 
Cystine 0 .80 0 .82 _b 0. 69 0. 92 0 .84 0. 63 
Valine 4 .47 4 .45 2 .75 3. 05 3. 35 6 .83 3. 72 
Methionine 1 .46 — D 1 .42 1. 06 0. 85 1 .06 0. 35 
Isoleucine 3 2 .23 1 .77 2. 51 2o 63 3 .96 2. 03 
Leucine 2 .85 2 .95 1 .10 1. 93 1. 97 2 .00 2. 44 
Tyrosine 3 .04 1 .26 1 ,62 2. 30 2. 27 2 .04 1. 00 
Phenylalanine 2 .76 1 .57 2, .31 2. 64 1. 97 1 .87 1. 37 
Ornithine 2, .37 1, .10 1, .22 1. 76 2. 38 1 .83 0. 82 
Lysine 2, .65 2, .70 2, .83 3. 81 3. 56 2 .19 2. 30 
Histidine 1 .25 0, .99 0, .94 1. 11 0. 99 0 .87 1. 04 
Arginine 4, .84 2, .05 3. 14 5. 56 5. 36 2 .77 1. 80 
_ _b 
4.20 
1.55 
3.06 
1.03 
2.09 
l-M 
O065 
4.43 
1.33 
2.32 
1.45 
1.95 
2.78 
1.10 
4.10 
1.14 
0.66 
_ _b 
5.18 
1.94 
2.73 
1.48 
2.53 
4.00 
3.70 
1,16 
4.91 
1.37 
2.99 
2.18 
2.4 
2.7 
1.92 
3.82 
1.66 
5.66 
0.39 
5.08 
2.12 
3.04 
1.65 
3.08 
4.71 
2.67 
1.13 
4.70 
0.84 
2.93 
2.35 
2.23 
2.07 
2.56 
3.96 
1.51 
6.72 
M 
00 
O 
^Amino acid concentration expressed as mg./lOO ml. 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 33. Experiment 6445 - Summary of average total gain and feed required per 
unit of gain 
Level of DL-Methionine, # 
0.0 0.1 0.2 0.3 0.4 0.5 
Replication Average Total GainJ kg. 
1 6.96 8.46 6.84 9.82 9.37 9.93 
2 8.07 8.52 9.62 8.90 8.67 8.16 
3 7.67 9.25 8.99 9.49 7.85 9.53 
Average 7.57 8.74 8.48 9.40 8.63 9.21 
Replication Feed/Gain 
1 1.96 1.88 2.01 1.86 1.91 1.86 
2 2.05 1.99 1.96 1.98 2.03 1.91 
3 1.94 1.78 1.91 1.86 1.97 1.95 
Average 1.98 1.88 1.96 1.90 1.97 1.91 
Table 34. Experiment 6445 - Summary of free amino acids in blood plasma^  
DL-Me thionine. 0.0 0. 1 0.2 
Replication 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 0. 31 0 .40 0. 34 0. 35 0. 55 0. 25 0 .41 0 .40 0. 35 0 .33 _b 0. 34 
Threonine 6. 01 5 .76 6. 74 6. 17 3. 44 3. 15 3 .83 3 .48 2. 55 3 .56 3. 21 3. 11 
Serine 4. 38 4 .66 5. 23 4. 76 3. 45 3. 25 3 .46 3 .39 2. 31 2 .97 3. 15 2. 81 
Glutamic acid 2. 68 3 .37 2. 72 2. 92 3. 59 2. 67 3 .11 3 .13 3. 10 2 .68 3. 27 3. 02 
Citrulline 1. 50 1 .90 1. 44 1. 61 1. 27 0. 98 1 .57 1 .27 1. 19 1 .08 1. 08 1. 12 
Proline 4. 3 .93 4. 47 4. 35 3. 26 3. 00 5 .32 3 .86 3. 71 3 .62 5. 31 4. 21 
Glycine 8. 18 5 9. 30 7. 80 6, 30 7. 66 8 .04 7 .33 6. 10 7 .57 7. 97 7. 21 
Alanine 10. 53 10 .40 12. 32 11. 08 11. 67 9. 31 l4 .69 11 .89 11. 22 12 .78 14. 08 12. 70 
Cystine 0. 0 .59 0. 63 0. 62 0. 4o 0. 64 0 .70 0 .58 0. 69 1 .02 0. 75 0. 82 
Valine 4. 14 4 .23 3. 98 4. 12 3. 88 3. 87 4 .30 4 .02 3. 66 3 .37 4. 39 3. 81 
Methionine 0. 20 0 .24 0. 19 0. 21 0. 49 0. 61 0 .66 0 .59 0. 78 1 .22 1. 03 1. 01 
Isoleucine 2. 97 3 2. 76 2. 99 3. 33 3. 00 3 .42 3 .25 2. 88 3 .25 3. 45 3. 19 
Leucine 2. 73 2 .58 2c 44 2. 58 2. 21 2. 16 2 .50 2 .29 2o 38 1 .78 2. 71 2. 29 
Tyrosine 2. 26 2 .97 2. 47 2. 57 2. 03 2. 16 3 .05 2 .41 2. 12 2 .60 2. 32 2. 34 
Phenylalanine 1. 62 1 .80 1. 78 1. 73 1. 36 1. 63 1 .89 1 .63 1. 64 1 .79 1. 84 1. 76 
Ornithine 2. 29 2 .28 1. 91 2. 16 1. 4l 1. 99 1 .63 1 .68 1. 45 2 .12 1. 79 1. 79 Lysine 4. 51 4 .40 4. 80 4. 57 2. 28 2. 75 2 .13 2 .39 3. 22 1 .95 3. 02 2. 73 Histidine 2. 12 1 .76 1. 1. 93 1. 66 1. 39 1 .78 1 .61 1. 75 1 .90 1. 64 1. 77 Arginine 2. 91 3 .52 2. 47 2. 97 2. 4l 2. 84 2 .25 2 .50 3. 11 3 .07 3. 08 3. 09 Tryptophan 1. 02 1 .21 1. 08 1. 10 0. 96 0. 92 1 .06 0 .98 1. 16 0 .90 1. 04 1. 03 
i^Amino acid concentration expressed as mg./lOO ml. 
°Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 35. Experiment 6445 - Summary of free amino acids in blood plasma^  
DL-Methionine, 
Replication 1 
0.3 0.4 0.5 
Avg. Avg. Avg. 
Aspartic acid 0.30 
Threonine 3.62 
Serine 2.81 
Glutamic acid 2.69 
Citrulline i.o4 
Proline 3.96 
Glycine 7.93 
Alanine 11.97 
Cystine 0.80 
Valine 3.21 
Methionine 1.74 
Isoleucine 3.14 
Leucine 2.28 
Tyrosine 2.34 
Phenylalanine 1.72 
Ornithine 1.88 
Lysine 1.64 
Histidine 1.74 
Arginine 2.84 
Tryptophan 1.10 
0.36 
4.00 
3.00 
3.24 
1.43 
4.64 
6.94 
L2.13 
0.69 
3.61 
1.64 
2.92 
1.93 
2.22 
1.67 
1.92 
2.22 
1.73 
2.52 
0.97 
0.36 
3.94 
2.98 
3.56 
1.12 
4.56 
8.50 
L2.64 
1.05 
3.92 
1.70 
3.74 
2.53 
2.42 
2.12 
1.82 
2.57 
1.73 
2.96 
1.07 
0.34 
3.85 
2.93 
3.16 
1.19 
4.39 
7.79 
L2.25 
0.85 
3.58 
1.69 
3.27 
2.25 
1.87 
2.14 
1.73 
2.78 
1.04 
0.25 
3.80 
2.47 
3.00 
1.28 
3.81 
6.36 
8.67 
1.11 
3.40 
1.81 
2.51 
2.09 
2.40 
1.88 
1.72 
2.42 
1.68 
2.60 
1.03 
0.50 
4.73 
1.76 
3.10 
2.09 
2.45 
3.92 
0.40 
2.87 
2.24 
4.57 
0.99 
4.30 
7.23 
3.11 10.69 
0.77 0.87 
3.26 
1.17 
2.24 
1.92 
2.92 
2.96 
2.28 
4.56 
1.65 
5.02 
0.89 
3.56 
1.31 
2.77 
2.01 
2.04 
1.69 
1.45 
2.11 
1.60 
2.40 
0.94 
0.39 
3.80 
2.16 
3.56 
1.45 
i:i 
7.49 
0.92 
3.41 
1,43 
2.51 
2.01 
2.46 
2.18 
1,82 
i:°6^  
3.34 
0.95 
0.25 0.43 0.36 0.35 
3.09 4.74 4.96 4.26 
2.61 3.17 3.10 2.96 
3.16 3.72 3.14 3.34 
1.06 1.68 1.21 1.32 
3.84 5.34 5.02 4.73 
6.17 7.60 6.97 6.92 
10.81 11.73 11.09 11.21 
0.93 b 1.10 1.02 
3.24 3.65 3.50 3.46 
3.86 5.28 4.00 4.38 
2.78 2.99 3.19 2.99 
1.87 1.97 2.35 2.06 
2.10 2.57 2.71 2.46 
I066 1.79 2.14 1.86 
1.66 1.75 2.01 1.80 
1.87 1.79 2.37 2.01 
1.42 1.48 1.41 1.43 
2.02 2.69 3.12 2.61 
1.16 1.01 1.07 1.08 
^Amino acid concentration expressed as mg./lOO ml. 
A^mino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 36, Experiment 6502 - Summary of average total gain and feed required per 
unit of gain \ 
L-Lysine, % 
DL-Tryptophan, 
0.00 
0.00 
0
 0
 
o
n
 
0
 
0
 0
 
0.60 
0.00 0
 0
 
0
 VÛ
 
0
 0
 
0.00 
0.15 
0.30 
0.15 
0.60 
0.15 
0
 
m
 
OA 
H
 
0
 0
 
Replication Average Total Gain, kg. 
1 
2 
I 
1.72 
1.97 
0.86 
1.91 
1.09 
2.63 
3.63 
2.04 
1.82 
1.00 
2.59 
0.50 
1.94* 
2,41 
2.13 
1.54 
1.27 
2.13 
2.18 
1.32* 
5.27 
3.18 
3:% 
7.17 
6.58 
7.40 
5.86 
6.36 
7.49 
8.4o 
6.31 
Average 1.62 2.35 1.48 2.00 1.72 4.11 6.75 7.14 
Replication Feed/Gain 
1 
2 
3 
5o18 
4.07 
m 
8.50 
3.12 
3.30 
3.98 
4.65 
11.32 
3.35 
13.59 
4.47®-
3.58 
4.30 
5.10 
6.89 
3.98 
hh 
2.81 
3.07 
2.79 
2.73 
1.89 
2.25 
2.02 
2,08 
1.92 
2.03 
1.83 
2.02 
Average 6.02 4.72 8.23 4.36 5.26 2.85 2,06 1.95 
^Calculated value for missing data. 
Table 37. Experiment 6502 - Summary of free amino acids In blood plasma®' 
L-Lyslne, ^ 0.00 O.3O 0.60 O.90 
DL-Tryptophan,^ 0.00 0.00 0.00 0.00 
Replication 1 2 Avg. 1 2 Avg. 1 2 Avg. 1 2 Avg. 
Aspartic acid ^ 0.33 0.33 ^ 0.52 0.52 0.24 O.I3 O.I8 ^ 0.28 0.28 
Threonine 5.68 5.88 5.78 5.11 4.4l 4.76 6.08 3.81 4.95 5.49 4.68 5.08 
Serine 2.48 2.78 2.63 1.70 2.8l 2.25 1,92 I.70 I.8I - -D 2.I5 2.15 
Glutamic acid I.63 2.24 1.94 1.28 2.20 1.74 I.61 1.57 1.59 1.32 2.l4 1.73 
Cltrulline 3.00 3.33 3.17 2.66 2.85 2.75 1.54 2.52 2.03 2.80 2.70 2.75 
Proline 6.09 5.51 5.8o 3.51 4.09 3.80 4.12 3.72 3.92 6.51 6.45 6.48 
Glycine 4.86 5.64 5.25 5.44 4.48 5.14 4.44 5.56 5.00 3.84 4.66 4.25 
Alanine 3.51 3.69 3.60 3.53 3.27 3.40 3.97 3.58 3.78 3.64 4.19 3.92 
Cystine b 0.60 0.60 O.56 ° O.56 O.56 1.00 O.78 I.07 O.58 0.82 
Valine 2.92 3.58 3.25 1.31 3.31 2.31 2.31 2.04 2.18 3.23 3.10 3.I6 
Methionine I.18 I.03 1.11 0.64 0.78 0.71 0.72 O.78 0.75 O.97 0.93 0.95 
Isoleuclne 1.38 2.46 I.92 0.55 1.30 0.92 1.15 O.91 I.03 I.63 1.45 1.54 
Leucine 3.81 5.20 4.51 2.42 3.97 3.19 3.55 3.09 3.32 6.04 4.96 5.50 
Tyrosine 3.84 4.13 3.98 1.86 3.18 2.52 2.52 2.57 2.54 3.13 3.31 3.22 
Phenylalanine 2.6o 3.43 3.01 I.54 2.77 2.I5 1.86 I.80 I.83 2.72 2.8l 2.76 
Ornithine 1.48 2.05 1.77 1.13 2.00 1.57 I.27 2.11 1.69 1.66 2.06 1.86 
lysine 0.76 0.87 0.81 1.36 1.13 1.24 3.33 2.18 2,75 1.26 1.38 I.32 
Histidlne 1.59 1.68 1.63 1.12 1.86 1.49 I.63 1.78 I.70 1.88 I.89 1.88 
Arginlne 1.12 ° 1.12 I.50 I.69 1.59 1.95 2.35 2.15 l.4o 2.03 I.71 
Tryptophan 0.74 0.59 0.66 O.32 O.70 0.51 0.30 O.32 O.31 0.49 O.37 0.43 
^Amlno acid concentration expressed as mg./lOO ml. 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 38. Experiment 6502 - Summary of free amino acids in blood plasma®" 
L-lysine, % 0.00 O.3O 0.60 0.90 
DL-Tryptophan,^ O.I5 0.15 O.I5 0.15 
Replication 1 2 Avg. 1 2 Avg. 1 2 Avg. 1 2 Avg. 
Aspartic acid 0.12 O.I5 0.l4 0.11 0.14 0.32 0.4l 0.44 0.43 0.42 O.35 O.38 
Threonine 4.56 3.70 4.13 4.84 5.62 5.23 4.92 3.80 4.36 5.14 4.72 4.93 
Serine 2.38 1.72 2.05 2.45 2.85 2.65 2.63 2.63 2.63 - 3.67 3.67 
Glutamic acid I.71 1.82 1.77 1.93 2.78 2.36 3.26 4.31 3.78 3.33 3.11 3.22 
Citrulline 2.54 2.35 2.45 3.20 3.28 3.24 2.73 3.03 2.88 4.00 3.I3 3.56 
Proline 5.71 4.44 5.08 6.00 6.30 6.15 6.09 5.76 5.91 7.83 7.90 7.86 
Glycine 5.11 3.76 4.43 4.85 5.53 5.19 4.72 5.63 5.18 4.70 5.15 4.92 
Alanine 4.26 6.96 5.61 5.61 4.4o 5.00 5.93 5.25 5.59 5.63 5.84 5.74 
Cystine 0.70 I.I8 0.94 0.88 1.01 0.94 O.78 ^ O.78 I.06 ° I.06 
Valine 1.84 3.17 2.50 2.14 3.97 3.06 2.90 3.46 3.18 2.56 4.15 3.36 
Methionine O.89 O.96 0.92 1.22 I.7I 1.47 1.4l 1.11 1.26 1.24 1.4l I.32 
Isoleucine I.09 1.53 1.31 1.00 2.03 I.52 I.27 1.46 I.37 I.16 2.32 1.74 
Leucine 2.38 3.16 2.77 3.19 5.89 4.54 4.76 4.94 4.85 4.56 7.74 6.15 
Tyrosine 1.99 3.02 2.50 3.94 4.54 4.24 3.4-5 3.67 3.56 2.79 4.67 3.73 
Phenylalanine 1.88 2.7I 2.29 2.44 3.55 2.99 2.22 2.3I 2.27 2.l8 2.70 2.44 
Ornithine 1.04 2.46 1.75 I.38 2.62 2.00 I.9I 2.06 1.99 2.06 2.05 2.05 
Lysine 0.99 2.36 1.68 0.79 0.73 O.76 I.60 I.34 1.47 4.05 2.00 3.02 
Histidine 1.84 1.57 1.71 1.92 1.64 1.78 1.73 I.60 1.66 I.97 1.44 I.70 
Arginine 1.57 1.48 1.53 I.60 " 1,60 2.07 - 2.07 2.04 2.16 2.10 
Tryptophan 1.45 1.00 I.23 1.46 0.96 1,21 1.10 1.21 I.16 I.30 I.23 1.26 
Amino acid concentration expressed as mg./lOO ml. 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Table 39. Experiment 65II - Summary of average total gain and feed required per 
unit of gain 
DL-Threonine, $ 
Level of DL-Threonine, % 
fo 0.00& 0.05 0.10 0.15 0.20 0.25 
Replication Average Total Gain, kg. 
1 11.67 9.08 6.99 6.08 6.63 10.12 
2 8.54 7.49 9.35 8.76 7.99 9.26 
3 7.17 8.26 9.58 8.85 7.80 9.40 
Average 9.13 8.28 8.64 7.87 7.47 9.59 
Replication Peed/Gain 
1 1.69 1.88 1.98 2.41 2.16 1.71 
2 1.80 1.88 1.92 2.07 1.84 1.87 
3 2.06 1.89 1.94 1.83 1.76 1.83 
Average 1.85 1.88 1.95 2.10 1.92 1.80 
^0.5 percent DL-methionine was added to all rations. 
Table 40. Experiment 65II - Summary of free amino acids in blood plasma®" 
Amino acids 
Added Basal^ 0.05# DL-Thr 0.10# DL-Thr 
Replication 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 0.26 O.5O 0.48 0.4l 0.52 0.32 O.16 O.33 
Threonine 5.78 3.42 4.93 4.71 3.63 4.67 5.51 4.6o 
Serine 3.46 2.13 2.81 2.8o 3.45 3.08 3.35 3.29 
Glutamic acid 2.91 3.15 2.89 2.98 5.87 3.01 I.65 3.51 
Citrulline I.60 1.02 d 1.46 I.30 2.07 I.6I 
Proline 5.81 4.29 4.32 4.8l 4.21 4.91 3.52 4.21 
Glycine 5.47 5.88 6.70 6.02 9.16 7.72 8.61 8.50 
Alanine 12.97 5.18 6.51 8.22 13.15 11.02 7.82 10.66 
Cystine 1.00 I.23 1.28 1.17 0.97 O.97 I.03 O.99 
Valine 3.70 3.67 4.71 4.03 4.08 4.36 3.87 4.10 
Methionine 9.83 1.49 1.48 4.27 1.53 1.99 2.33 I.95 
Isoleucine 2.87 2.58 3.82 3.09 2.78 3.44 3.29 3.17 
Leucine I.76 I.83 3.04 2.21 2.17 2.73 1.94 2.28 
Tyrosine 2.93 I.97 2.85 2.58 2.82 2.40 2.49 2.57 
Phenylalanine I.76 1.49 2.26 1.84 I.35 2.09 1.66 I.70 
Ornithine 2.74 I.80 2.24 2.26 2.73 1.75 2.02 2.17 
liysine 1.92 1.68 I.80 I.80 3.40 2.13 I.3I 2.28 
Histidine I.19 1.24 1.64 I.36 1.55 1.44 1.47 1.49 
Arginine 2.88 2.33 2.12 2.44 3.68 3.26 3.19 3.38 
0.70 0.62 0.31 0.54 
2.91 6.39 7.95 5.75 
2.47 2.97 _ _D 2.72 
9.51 2.84 1.94 4.76 
1.23 1.34 2.60 1.72 
5.03 5.22 4.93 5.06 
7.97 6.41 6.^4 6.93 
11.95 10.58 8.33 10.29 
0.92 _ _b 1.04 0.98 
2.42 4.17 3.41 3.33 
2.93 5.58 5.87 4.79 
2.00 3.16 2.44 2.53 
1.22 2.40 1.49 1.70 
1.57 3.63 2.58 2.59 
1.13 2.25 1,80 1.73 
1.42 2.45 2.11 1.99 
3.03 2.15 1.43 2.20 
1.51 1.48 1.13 1.37 
3.29 3.71 2.47 3.16 
s-Amino acid concentration expressed as mg./lOO ml. 
Amino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
Co.5 percent DL-methionine added to all rations. 
Table 4l. Experiment 65II - Summary of free amino acids in blood plasma®" 
DL-Threonine,' % 0.15 0.20 0.25 
Replication 1 2 3 Avg. 1 2 3 Avg. 1 2 3 Avg. 
Aspartic acid 0. 91 0. 54 0. 29 0. 58 1. 29 0. 45 0. ,34 0. 69 _b 0. 27 0. 39 0. 33 
Threonine 3. 44 8. 44 5. 18 5. 69 4. 36 9. 62 8. ,42 7. 47 8. 73 9. 46 11. 32 9. 84 
Serine 1. 89 3. 44 2. 23 2. 5? 3. 28 3. 53 3. ,28 3. 36 3. 49 2. 99 4. 72 3. 73 
Glutamic acid 10. 00 3. 56 2. 13 5. 23 11. 55 2. 10 2. ,02 5. 22 3. 10 2. 40 3. 52 3. 01 
Citrulline 1. 4l 0. 88 0. 70 1. 00 1. 29 1. 65 1. ,48 1. 47 1. 91 0. 82 1. .36 1. 36 
Proline 4. 72 4. 72 3. 54 4. 33 5. 23 4. 37 3. .71 4. 44 4. 46 4. 32 4. .72 4. 50 
Glycine 7. 24 7. 04 7. 94 7. 4l 11. 55 8. 47 8. 23 9. 42 5. 68 5. 36 7. ,36 6. 13 
Alanine 11. 94 12. 80 7. 40 10. 71 11. 49 12. 07 7. .23 10. 26 11. 46 11. 43 12. 59 11. 83 
Cystine 1. 07 0. 99 1. 07 1. 04 1. 32 1. 45 1. 09 1. 29 0. 84 1. 27 1. ,18 1. 10 
Valine 3. 66 3. 46 3. 62 3. 58 3. 96 3. 82 3. .34 3. 71 2. 77 3. 16 3. ,90 3. 28 
Methionine 1. 36 6. 58 2. 12 3. 35 1. 40 3. 87 2. ,12 2. 46 9. 47 2. 55 3. ,43 5. 15 
Isoleucine 2. 38 3. 05 2. 45 2. 63 2. 49 3. 26 2. .55 2. 77 2. 31 3. 46 3. .59 3. 12 
Leucine 2. 75 1. 54 2. 16 2. 15 2. 36 1. 87 1. 86 2. 03 1. 39 1. 57 2. .23 1. 73 
Tyrosine 1. 78 2. 63 1. 75 2. 05 2. 17 2. 81 2. 22 2. 40 2. 21 2. 64 3. ,11 2. 65 
Phenylalanine 1. 39 1. 20 1. 84 1. 48 1. 15 1. 59 1. 59 1. 44 1. 51 1. 59 2, .17 1. 79 
Ornithine 0. 81 1. 83 1. 34 1. 33 1. 65 2. 84 2, .19 2. 23 2. 38 1. 61 2. .24 2. 08 
Lysine 4. 48 2. 04 2. 17 2. 90 5. 69 1. 93 1, .72 3. 11 1. 89 1. 32 1, .61 1. 61 
Histidine 2. 02 1. 21 1. 48 1. 57 1. 80 1. 57 1, .  16 1. 51 1. 23 1. 44 1, .70 1. 46 
Arginine 1. 61 2. 45 1. 57 1. 88 3. 14 _D 2, .91 3. 02 3. 43 2. 20 3. .03 2. 89 
^Amino acid concentration expressed as mg./lOO ml. 
bAmino acids not calculated due to either poor separation, undetectable amounts, 
or mechanical difficulties. 
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Table 42. Experiment 6308 - Analysis of variance of total 
gain and feed required per unit of gain 
Mean Squares 
Source d.f. Total gain Peed/gain 
Total 7 2.7362 0.0119 
Replication 1 18.3391** 0.0221 
Treatment 3 0.2257 0.0167 
Protein 1 0.1686 0.0128 
Methionine 1 0.3793 0.0288 
Protein x methionine 1 0.1291 0.0085 
Error 3 0.0458 0.0037 
**Indicates significant difference (P*0,01 or less) 
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Table 43. Experiment 6308 - Analysis of variance of apparent 
digestibility of protein 
Mean Squares 
Source d.f. Protein digestibility 
Total 15 121.5249 
Replication 1 142.2652 
Age 1 1328.0558** 
Treatment 3 12.1525 
Protein 1 8.8060 
Methionine 1 28.9713 
Protein x methionine 1 0.9168 
Age X treatment 3 20.1659 
Replication x age 1 11.5770 
Replication x treatment 3 60,9344 
Replication x treatment x age 3 19.6600 
**Indicates significant difference (PsO.Ol or less) 
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Table 44. Experiment 6328 - Analysis of variance of total 
gain and feed required per unit of gain 
Mean Squares 
Source d.f. Total gain Feed/gain 
Total 35 2.2765 0.0141 
Replication 5 6.5646** 0.0532** 
Treatment 5 2.3820 0.0100 
20% protein vs others 1 4.4092 0.0323* 
25$ protein vs 25^ protein 
0.7491 plus amino acids 1 0.0022 
Met. levels 1 3.0631 0.0108 
Met. vs Met., Val. and Thr. 1 1.2973 0.0012 
Interaction 1 2.3915 0.0035 
Error 25 1.3978 0.0071 
* Indicates significant difference fPr0,05 or less) 
** Indicates significant difference (PsO.Ol or less) 
Table 45. Experiment 6403 - Analysis of variance of total gain, feed required per 
unit of gain and apparent digestibility of protein 
Source d.f. Total gain Feed/gain 
Protein 
digestibility 
Total 35 2.2826 0.0224 149.3062 
Replication 5 3.8177 0.0258 77.9464 
Treatment 
Protein: 20^ vs 25/& 
Methionine 
Linear 
Quadratic 
Protein x methionine 
5 
1 
2 
1 
1 
2 
3.8653 
0.7692 
7.5599* 
0.1372 
14.9827** 
1.7187 
0.0709** 
0.1345** 
0.1040** 
0.1190** 
0.0889* 
0.0061 
505.2593** 
2020.6522** 
170.0814 
288.6347 
51.5282 
82.4816 
Error 25 1.6591 0.0120 92.3875 
* Indicates significant difference fPm0.05 or less) 
** Indicates significant difference (P=0.01 or less) 
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Table 46. Experiment 644o - Analysis of variance of total 
gain and feed required per unit of gain 
Mean Squares 
Source d.f. Total gain Feed/gain 
Total 31 6.5012 0.0526 
Blocks 3 19.2382 0.0601 
Replication 1 54,5514 0.1741 
Blocks/replication 2 1.5805 0.0032 
Treatment 14 3.6518 0.0398 
Val. 1 2.1074 0.0004 
Iso. 1 1.0702 0.0060 
Thr. 1 ] "378 0.0045 
Phe. 1 0.0988 0.0496 
Val. and Iso, 1 0.1296 0.0861 
Val. and Thr, 1 0.5104 0.0084 
Iso. and Thr, 1 23.0764 0.1058 
Val, and Phe. 1 0.0617 0.0450 
Iso, and Phe, 1 3.4327 0,0060 
Thr, and Phe, 1 5.1512 0,1711 
Val,, Iso, and Thr. 1 0.0782 0,0036 
Val,J Iso, and Phe. 1 3.6118 o,o4o6 
Val,, Thr. and Phe. 1 4.9351 0,0024 
Iso., Thr. and Phe, 1 0.9117 0,0264 
Error 14 6.6206 0,0643 
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Table 47. Experiment 6445 - Analysis of variance of total gain 
Source d.f. 
Mean Squares 
Total gain 
Total 53 1.8257 
Outcome group 8 2,2538 
Replication 2 O.25OO 
Outcome group/Replication 6 2,9217 
Methionine levels 5 3.7420 
Linear 1 9.8963 
Quadratic 1 2.7384 
Cubic 1 1.4021 
Remainder 2 2,3366 
Outcome group x treatment 40 1,5005 
Treatment x replication 10 2.5250 
Outcome group/Replication x treatment 30 I.I59O 
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Table 48. Experiment 6445 - Analysis of variance of feed 
required per unit of gain 
Source d.f. 
Mean Squares 
Feed/gain 
Total 17 0.0048 
Replication 2 0.0128* 
Methionine levels 5 
Linear 1 0.0014 
Quadratic 1 0.0009 
Cubic 1 0.0094 
Remainder 2 0.0074 
Error 10 0.0029 
*Indicates significant difference (Pa0.05 or less) 
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Table 4$. Experiment 6502 - Analysis of variance of total 
gain and feed required per unit of gain 
Mean Squares 
Source d.f, Total gain Feed/gain 
Total 29 5.8222 8.6160 
Replication 3 0.9792 1.7448 
Treatment 7 21.9843** 18.2842 
Lysine levels 3 13.0884** 10.6981 
Linear 1 36.8160** 14.8779 
Quadratic 1 2.4255 0.0358 
Cubic 1 0.0238 17.1806 
Tryptophan 1 75.4299** 62.8600** 
Lysine x tryptophan 3 13.0649** 11.0118 
Error 19 0.6324 6.1390 
**Indicates significant difference (PmO.Ol or less) 
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Table 50* Experiment 65II - Analysis of variance of total 
gain and feed required per unit of gain 
Mean Squares 
Source d.f. Total gain Peed/gain 
Total 17 1.8629 0.0300 
Replication 2 0.0230 0.0132 
Threonine levels 5 1.8676 0.0325 
Linear 1 0.0310 0.0001 
Quadratic 1 4.9925 0.1077 
Cubic 1 2.0350 0.0208 
Quartic 1 2.1536 0.0126 
Quintic 1 0.1257 0.0213 
Error 10 2.2285 0.0321 
